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INTRODUCTION

PBDAT is a computer program in HP Series-SO BASIC 
that converts raw laboratory and mass spectrometer data 
for Pb U Th studies into blank  and fractionation- 
corrected isotope ratios and concentrations, together 
with all associated errors and error correlations. The 
algorithms used for error and error correlation 
estimates are those given in Ludwig (1980), and are 
generally more accurate than those commonly used.

Raw data for PBDAT may be entered either from the 
computer keyboard and reduced one sample at a time, or 
can be reduced in batches from VISICALC-created 
datafiles of the raw data. Batch reduced files can 
either be converted into a VISICALC compatible format, 
and stored as VISICALC readable reduced data files, or 
stored as simple numeric files. These reduced data 
files can then be used as direct input to the isotope- 
oriented plotting programs ISOPLOT, CPLOT, and PBPLOT 
(Ludwig, 1983).

PBDAT is flexible in its requirements for
input data format (for example, whether the samples were 
aliquoted after dissolution or total spiked for one or 
more elements, and whether a Pb-2O8,Pb-206, or Pb-2O5 
spike was used), so that it is suitable for a variety of 
isotopic procedures. Data for spikes, fractionation, 
and some basic uncertainties are created by the program 
and stored on a disk, so that different users can easily 
use different spike, fractionation, and error data 
without editing the program itself. The format of the 
output of the program is designed to be readable 
(without excess significant figures or unnecessary 
scientific notation) and compact, without sacrificing 
useful parameters.

Except for structuring the VISICALC data files, 
the program can be used without extensive reference to 
this documentation, as HELP screens are available at 
several points in the program. The program itself is 
reasonably transparent and self documenting, so that 
other users should be able to maintain and upgrade the 
code without an unreasonable amount of effort.
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HARDWARE REQUIRED

The program requires a Hewlett Packard HP 86 or 
HP 87 microcomputer with a disk drive, at least 128 
kbytes of memory, and the Advanced Programming ROM. 
Also, for batch-processing of data, the VISICALC PLUS 
program from Hewlett Packard is necessary.

USING JHE COMPyjER and DAIA=INPUI CONVENTIONS

Two peculiarities of the HP 86/87 computers must 
be understood. First, if you touch a key on the 
keyboard while the program is running (but not while it 
is waiting for you to type in a reponse), the computer 
will beep and stop running. To resume operation, just 
press the CONT key. Second, after starting the program 
by pressing the RUN key, the calculations will be 
significantly slower the first time the computer 
performs a given part of the program. After a given 
routine has been done once, it will be accomplished much 
faster during subsequent passes.

When the CRT requests input of several values, a 
typical prompt format might look like,

variable* 1, variable* 2 C, variable 413 C,variable #433

Commas separate different parameters for input, and 
brackets enclose parameters whose input is optional. 
The above example requests you to type in an least 2, 
but up to 4, values, separated by commas. Variables 1 
and 2 must be entered (you enter a response by pressing 
the END LINE key after typing it in), whereas 
variables 3 and 4 are optional. If you enter 3 values, 
the third value will be assigned to variable #3, as 
variable #4 is the most deeply "nested" in brackets.

STARTING yp

Put the disk containing the PBDAT program in one 
of the disk drives and start the program by typing in
CHAIN PBDAT (assuming the disk is in the default 

drive). After loading the program, about 1O seconds is 
required for the pre run initialization. Before you can 
start reducing your own data, you'll have to define a 
"LabData File" containing information on your spikes, 
blanks, and expected mass-discrimination, but for just 
getting familiar with the program, you can use the
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default LabData File that should be stored along with 
the program.

The first display that will appear on the CRT 
will be a row of boxes with the labels listed below. 
These boxes indicate the functions of the 14 "Special 
Function Keys" (kl   k!4) that are positioned just below 
the CRT. During this initial display, the Special 
Function Keys are defined as follows (note that the 
default options are enclosed in asterisks):

KEY# LABEL FUNCTION

kl *CRT* (Default) Use the CRT as the print 
ing device, rather than the printer.

k2 PRINT Use the printer as the printing
device.

k3 tKEYBOARD* (Default) Input data from the key 
board rather than a VISICALC file.

k4 DATAFILE Input data from a VISICALC data-file
rather than from the keyboard.

k5 CHANGE PbO Enter new values for the initial-Pb
isotopic composition (radiogenic 
leads only).

k6 VISICALC Load and invoke the VISICALC program.

k7 *Pb-2O8* (Default) Assume a Pb-2O8 or Pb-2O6
spike, rather than a Pb 2O5 spike.

k!4 Pb-2O5 Assume a mixed Pb-2O5/U-235/Th-23O
spike rather than a Pb-2O8 spike.

kll MORE DFRED (Appears only if you have just com 
pleted reduction of some data file 
data) Continue reduction of more data 
from a data file.

k!2 LABDATA Edit, redefine, or replace the LabData
File in memory (the LabData File con 
tains the information on spike iso 
topes, blanks, and mass-discrimination 
during mass spectrometer runs).

k!3 HELP Display a HELP screen with information
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about how the program is used, including 
definitions of these special function 
keys.

Before starting to enter data (again, I'll 
discuss defining your own Lab Datafile later), you'll 
need to check that the default options (those enclosed 
in asterisks) are the ones you want: CRT output only 
(that is, no printer output), and a Pb 2O8 spiked 
sample. To request a printed output, just press the
PRINT, key <k2), and to specify a sample spiked with a 

mixed Pb-2O5/U-235/Th-23O spike just press the Pb=2O5 
key (k!4). Then, to start entering your raw data, press 
the *KEYBOARD* key (k3).

iNTERING DATA FROM JHE KEYBOARD 

Pb-2O8 Spiked Samples:

For samples spiked with a Pb-2O8 spike (or Pb-2O6 
spike   both are suitable), the following queries will 
appear after pressing the ^KEYBOARD* key. First, 
after the CRT clears, the query will be.

(Brackets indicate optional input) 
(enter H for help with any query)

SAMPLE NAME «= 18 CHAR.)?

Type in a name for the sample, using no more than 
13 characters, and press END LINE to enter the name.

The next query will be,

EGRAMS OF SAMPLE E, TOTAL ALIQUOT33?

The total aliquot weight is the weight of the total 
dissolved solution of the sample. You only need to 
enter a value for the total aliquot weight if you did't 
use all of the dissolved solution for the Pb-spiked plus 
Pb unspiked aliquots. For example, if the total aliquot 
were 5 grams, the Pb spiked aliquot 2 grams and the 
Pb unspiked aliquot 3 grams, you needn't enter a value 
for the total aliquot weight. Also, if the sample were
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total spiked for Pb and U(Th), a total aliquot weight 
would not be required. However, if only part of the 
total aliquot were used   for example, a total aliquot 
of 5O grams, a Pb-spiked aliquot of 1 gram and a 
Pb unspiked aliquot of 2 grams   then you would need to 
enter the total aliquot weight.

The GRAMS OF SAMPLE value can also be omitted 
(just press END LINE ) if the sample were unweighed or 
if a weight were irrelevant (for example, a loading 
blank).

The next query will be,

(if total-spiked for U-ETh3 but not Pb, enter latter
value as negative)

GRAMS OF EEUNSPIKED ALIQUOT,3 SPIKED ALIQUOT3?

If the sample were total spiked for Pb and U(Th), 
no values need be entered (just press END LINE ). 
Usually, you will need to enter 2 values corresponding 
to the weights of the Pb unspiked aliquot and the 
Pb spiked aliquot. If the Pb spiked aliquot weight is 
entered as a positive value, the program will assume 
that the Pb spiked aliquot was also spiked for U (and 
Th, if used). If the Pb spiked aliquot weight is 
entered as a negative value, the absolute value of that 
number will be used as the Pb spike weight, and the 
program will assume that the sample were total spiked 
for U(Th). If you enter only 1 value in response to the 
above query, the program will take it to be the 
spiked aliquot weight, and assume that no Pb unspiked 
aliquot exists.

The next query will be, 

GRAMS SPIKED OFs Pb-2OS E, U-235 C, Th-23O333?

Enter the weights of the spike(s) added to the 
aliquots. If you enter only 1 value, it will be taken 
as the Pb 2O8 spike weight; 2 values will be taken as 
the Pb-2O8 and U-235 spike weights; and 3 values will be 
taken as the Pb-2O8, U-235, and Th-23O spike weights. 
If your U and Th spikes are mixed, you will still need 
to include a separate spike weight for Th, even though 
it will be the same as the U spike weight. Similarly, 
if your spike is a mixed Pb U( Th) spike, you'll have to
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include at least 2 values.

The next query will be,

Pb-UNSPIKED ALIQUOT: 
C2O6/2O4,Xerr, 2O6/2O7,Xerr,3 2O6/2O8,Xerr?

Normally, you'll need to enter 6 values, 
corresponding to the 3 ratios and their uncertainties. 
The "Xerr" values must be the uncertainty in the ratio 
from the mass spectrometer run alone, in percent and at 
the 2 si gma/95% con-f i dence level. The ratios must not 
be corrected for mass discrimination, and their 
uncertainties must not include the uncertainty due to 
the imperfectly known mass discrimination of the 
mass spectrometer run.

If you have useable 2O6/2O4 and 2O6/2O7 (as well 
as 2O6/2OS) data from the Pb-spiked aliquot, but no 
useable 2O6/2O7 and/or 2O6/2O4 from the Pb-unspiked 
aliquot, enter only 2 values   the estimated 2O6/2O8 
ratio of the unspiked sample (not including effects of 
blank Pb or mass discrimination), and the estimated 
uncertainty in the estimate. This is, of course, the 
usual situation for blanks, and occasionally the 
situation for samples where the Pb unspiked run failed 
for some reason. If the sample were not under spiked, 
and if your estimate of the unspiked 2O6/2O8 ratio were 
not too far off, you should still be able to get 
adequate Pb concentrations and isotope ratios from this 
type of input.

The next query will be,

Pb-SPIKED ALIQUOT: 
CC2O6/2O4, Xerr , 3 2O6/2O7, '/.err , 3 2O6/2O8, Xerr?

If you entered only the estimated 2O6/2O8 ratio 
of the Pb unspiked aliquot, you must enter all 6 values 
for this query. Otherwise, only the 2 values for the 
2O6/2O8 and its uncertainty are required. This is 
adequate and appropriate, for example, if the Pb of the 
sample were a common Pb. If the Pb of the sample were a 
radiogenic Pb, however, you should always include data 
for the observed 2O6/2O7 of the Pb-spiked aliquot. If 
this is done (4 values entered), the program will use 
the difference between the Pb spiked and Pb unspiked 
2O6/2O7 ratios as an index of the common Pb 
contamination in the Pb spiked run. At the least, this 
approach gives a more accurate estimate of the Pb
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concentration o-f the sample, since the ratio of 
contamination to sample Pb for the Pb spiked aliquot is 
generally greater than -for the Pb unspiked aliquot. 
Also, because the output will show the calculated amount 
o-f contaminant common Pb in the Pb spiked run, any spot 
contamination or inaccurate estimates o-f contamination 
will be effectively monitored.

c If complete Pb-unspiked data (2O6/2O4, 2O6/2O7, 
and 2O6/2O8) were entered, the Pb-spiked 2O6/2O4 data 
would not be used for calculations (though it would 
appear on the printout).

The next query will be,

BLANKS (in nanograms): Pb C,U C,Th33?

Enter 1, 2, or 3 values corresponding to the 
blanks for each element. The Pb blank pertains to the 
Pb unspiked aliquot only, and the U and Th blanks to the 
U( Th) spiked aliquot only.

The final query will be,

(Note that errors are to be entered as absolute, 
not percent)

(enter H for help)

INITIAL-Pb: C2O6/2O4 £,err] 2O7/2O4 t,err] 2O8/2O4 [/err] 
Rho(6/4-7/4)3?

This query will appear only for the first set of 
data that you enter; The program assumes that any 
subsequent samples share the last entered initial Pb 
ratios. If for any sample (after the first one that was 
reduced) you wish to use a new initial Pb, press the 
CHANGEPbO key during the initial display.

If the sample contained only common Pb, or if you 
are not interested in the U Th Pb or Pb Pb apparent ages 
of the sample, just press END LINE . Otherwise, enter 
all 7 values of your estimate of the initial Pb of the 
sample (the initial Pb is the Pb that the sample was 
"born" with). Enter the errors as absolute values, not 
as E^CC^Qt values. "Rho(6/4 7/4)" is the error 
correlation between the 2O6/2O4 and 2O7/2O4 values. You 
can calculate Rho if you can estimate the 2O6/2O7 error, 
from the equation,
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Rho « (Ex2 + Ey2 - Ez2)/(2ExEy>

where Ex is the percent 2O6/2O4 error, Ey is the percent 
2O7/2O4 error, and Ez is the percent 2O6/2O7 error.

I 
M 
P 
O 
R 
T 
A 
N 
T

You should assign nonzero estimated errors to the 
initial Pb ratios if you wish to know the propagated 
uncertainty in the apparent ages -For each sample. 
However, if you intend to use the reduced data for 
several samples to calculate concordia intercept 
ages, and if you expect that all of the samples used 
for a given regression had the same initial Pb 
ratios, then you should assign zero uncertainties 
and error correl1ations to the initial Pb ratios.

The program will start reduction of your data 
after your response to the INITIAL Pb query. Remember 
that the first data reduction after pressing the RUN 
key will take about 5 times longer than subsequent 
data reductions.

Pb-2O5 Spiked Samples:

First, of course, indicate that the sample is a 
Pb 2O5 spiked sample by pressing the Pb 2O5 key during 
the initial display. Then press the *KEYBOARD* key. 
The first CRT query after entering the sample name will 
be,

GRAMS OF SAMPLE E, PERCENT OF DISSOLVED SAMPLE 
(EXTRACTED Se> LOADED3?

If all of the dissolved sample were loaded onto 
the filament (whether extracted for Pb or not), just 
enter 1 value   the weight of the sample in grams. The 
sample is assumed to have been spiked before 
dissolution. If only a fraction of the dissolved sample 
were loaded onto the filament, enter 2 values   the 
sample weight, and the percent of the total solution 
that was actually (extracted for Pb and ) loaded. This 
second parameter is used to calculate the appropriate 
sample Pb/blank Pb ratio.
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The next query will be,

GRAMS SPIKED OF Pb-2O5/U-235/Tn-23O?

Enter the weight of the mixed Pb2O5 U Th spike 
added to the sample. The next query will be,

2O6/205, 7.err?

Enter the observed 2O6/2O5 ratio and its 2 sigma 
uncertainty, not including the mass discrimination 
correction or error. The next query will be,

Pb-SPIKED ALIQUOT: 
C C2O6/2O4, Xerr , 3 2O6/2O7, %err , 3 2O6/2O8, 7.err?

This and the succeeding queries are identical to 
those used -for Pb  2O8 spiked samples. No unspiked 
aliquot is assumed to exist.

!h?i LABDAJA FILES 

The LabData Files contain information on

a) spike isotope ratios and abundances,
b) blank Pb isotope ratios and ratio uncertainties,
c) Uncertainties in the amounts of Pb, U, and Th 

blank amounts, and
d) Uncertainties in the mass discrimination for 

Pb, U, and Th during the mass spectrometer 
runs

for various users. A default LabData File is loaded 
each time the program is started from the RUN command, 
but can only be valid for one particular laboratory. 
Thus each user should either

a) define a new default LabData File for his/her 
personal disk, or

b) define a new LabData File at some point, store 
it on a disk, and request that file (using the 
LABDATA key) each time the program is run.

To redefine, edit, or print out the contents of a 
LabData File, press the LABDATA key during the initial 
display. The CRT will clear, and display the following 
special function key labels:

<   
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KEY# LABEL

1 ALL

3 Pb208Spike

4 Pb205Spi ke

5 U235 Spike

6 Th230Spike

7 Mass Discr.

8 Blanks

Store File

10 Print File

11 ESCAPE

12 NEW FILE

13 CHANGENAME

14 HELP

FUNCTION

Define a completely new LabData 
File.

Define data for the Pb-2O8 spike.

Define data for the mixed Pb2O5  
U235-Th23O spike.

Define data for the U-235 spike. 

Define data for the Th 23O spike.

Define data for the Pb, U, and Th 
mass discrimination during the 
mass spectrometer runs.

Define data for isotope ratios of 
the Pb blanks, and for the uncer 
tainties in amounts of the Pb, U, 
and Th blanks.

Store the current LabData File in 
memory on a disk.

Printout the contents of the cur 
rent LabData File in memory.

Exit the LabData File part of the 
program and return to the initial 
display.

Bring a different LabData File into 
memory from a disk.

Change the name of the current Lab- 
data File in memory.

Invoke a HELP screen explaining 
the functions of the keys defined 
in this display.
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The de-fault Lab Data File is named "DefLab". At 
the start o-f the program, the computer searches the 
contents o-f drive O, then drive 1, for a "DefLab" file, 
and load it into memory. To define a new DefLab file, 
press the ALL key and press the Y key in response to 
the query,

Is this new LabData File to be the new Default LabData
File <Y/N>?

To edit any part of a LabData File, first load it 
into memory from a disk, if it is not already in memory, 
then press the special function key for that part of the 
file that you wish to edit. You must specifically 
request that an edited file be stored on a disk (using 
the Store Fi_l_e key) if you wish to permanently save 
the file. To make sure that the file is stored on the 
proper disk, you should add the mass storage specifier 
to the name of the file - :D7OO for drive O, or :D7O1 
for drive 1. For example, if you wished a LabData File 
named "SallyLab" to be stored on the disk in drive 1, 
you would define the name of the file to be 
"SallyLab:D7Ol" (without the quotation marks).

If you wish to check the contents of a LabData 
File, first make sure that it's in memory (load the file 
from a disk if necessary, using the NEW FI.LE key), then 
press the Pri.nt Fi.l.e key during the main LabData File 
display.

I should mention that the values used for the 
spike concentration errors in the LabData File should in 
most cases really correspond to the ereci.si_gn of the 
delivered amounts of spike isotopes, and not usually to 
the accuracy. This is because sets of isotope data are 
most often used for regression analyses, so that any 
constant error in the spike concentrations will be 
present for all of the samples of a suite. Because the 
goodness of-fit of any regression line (such as an 
isochron or a concordia chord) will not be affected by 
such a common bias, you generally don't want the 
spike concentration error propagated for the reduced 
data of a suite of samples. If you won't be using the 
data for some sort of pooled suite of samples, however, 
then it might be appropriate to assign the true 
spi ke concentrati on uncertai nti es.
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REDUCING DATA FROM VISICALC FILES 

Structuring the VJSICALC Raw-Data Files

VISICALC is a very widely-used, commercially 
available program for creating, manipulating, and 
storing arrays of data, and is well suited for use with 
both large and small files of both raw and reduced 
Pb U Th isotope data. Briefly, the program: allows 
either numeric of alphanumeric data to be displayed as a 
2 dimensional array of rows and columns of arbitrary 
size, and stored as individual character strings for 
each element in the array. The advantage of this format 
is its flexibility of display and ease of manipulation   
for example, moving, adding, or deleting columns or rows 
of data.

PBDAT is designed to use VI£|ICALC data files, 
both for raw data input of many samples in a sequence, 
and for reduced data output of such samples. In other 
words, PBDAT can take a VISICALC file of raw data, and 
automatically transform all or part of the raw data file 
to a reduced-data VISICALC file. The raw-data VISICALC 
files must conform to a certain format for the program 
to accurately recover its data, however. This format is 
as follows:

1) the column-width of the VISICALC cells must 
be 9 characters wide (type in /GC9 when in 
VISICALC),

2) the column headings must be separated from the 
data cells by a double under1ine (=========) y

3) the sample names must be in the first 2 columns 
(A and B>,

4) all uncertainties (errors) must be in percent 
and at the 2 sigma/95% confidence level, and,

5) the following data must be in specified columns, 
as outlined below.

For Pb-2OS spiked samples, the VISICALC columns 
must be defined as:

-14-
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COLUMN* PARAMETER (Pb-2O8 spiked)

A Sample Name (-first 9 characters).

B Sample Name (last 9 characters).

C Gross Sample Weight, in grams. 
This is the weight o-f the pow 
dered sample be-fore any solid 
aliquoting or splitting. Zero 
if irrelevant.

D Sample Weight, in grams. This
is the weight o-f the sample that 
was actually dissolved.

E Total Aliquot, weight in grams. 
The total aliquot is the total 
solution o-f the dissolved sample.

F Pb Unspiked Aliquot, weight in
grams (the part o-f the total al 
iquot that was le-ft unspiked).

G Pb spiked Aliquot, weight in grams 
(the part o-f the total aliquot that 
was spiked with Pb-2O8). I-f the 
sample were total spiked -for U(Th), 
this entry should be its negative 
value.

H Pb-2O8 Spiked (grams Pb-spike de 
livered to the Pb spiked aliquot).

I U-235 Spiked (grams U-235 spike de 
livered either to the Pb spiked al 
iquot or to the total sample).

J Th-23O Spiked (grams Th-23O spike 
delivered with the U 235 spike).

K   4 2O6/2O4 (raw) of Pb-unspiked ali 
quot.

L Percent uncertainty in K.

M 2O6/2O7 (raw) of Pb-unspiked ali 
quot.

N Percent uncertainty in M.
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O 2O6/2O8 (raw) of Pb-unspiked ali 
quot:.

P Percent uncertainty in O.

Q 2O6/2O4 (raw) of Pb-spiked aliquot.

R Percent uncertainty in Q.

S 2O6/2O7 (raw) of Pb-spiked aliquot.

T Percent uncertainty in S.

U 2O6/2O8 (raw) of Pb-spiked aliquot.

V Percent uncertainty in LI.

W 238/235 (raw) of Li-spiked aliquot.

X Percent uncertainty in V.

Y 232/23O (raw) of Th-spiked aliquot,

Z Percent uncertainty (raw) in Y.

AA Pb blank of Pb unspiked aliquot, 
in nanograms.

AB LI blank of U spiked aliquot, in 
nanograms.

AC Th blank of Th spiked aliquot, in 
nanograms.

For samples spiked with a mixed Pb-2O5/U-235/ 
TH-23O spike, the format of the raw-data VI.SICALC file 
is somewhat different, with the yjSICALC columns defined 
as follows:

  Jo 
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COLUMN* PARAMETER <Pb-2O5 spiked)

A Sample Name (1st 9 characters).

B Sample Name (last 9 characters).

C Sample weight, in grams (assumed 
	total  spiked).

D Grams Pb-2O5/U-235/Th-23O spiked.

E Percent of the total dissolved 
	sample that Mas actually (ex 
	tracted and) loaded.

F Observed 2O6/2O4 ratio.

B Uncertainty (2) in observed 2O6/2O4.

H Observed 2O6/2O7 ratio.

I Uncertainty <"/.) in observed 2O6/2O7.

J Observed 2O6/2O8 ratio.

K Uncertainty (%) in observed 2O6/2O8.

L Observed 2O6/2O5 ratio.

M Uncertainty (2) in observed 2O6/2O5.

N Observed 238/235 ratio.

O Uncertainty (%) in observed 238/235.

P Observed 232/23O ratio.

Q Uncertainty 17.) in observed 232/23O.

R Pb blank for Pb run, in nanograms.

S U blank for U run, in nanograms.

T Th blank for Th run, in nanograms.

For more detailed information on these
parameters, refer to the section on entering data from 
the keyboard.
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Processing VI.SICALC Raw-Data Files:

To start reducing raw data -from a VISICALC file, 
press the DATAFI.LE special function key (k4) during the 
initial CRT display. If the Pb 2O5 key were pressed 
during the initial CRT display, the program will assume 
that the VISICALC data is for a suite of Pb-2O5 spiked 
samples. Otherwise, Pb 2OS spiked samples will be 
assumed. The contents of the VXSI.CALC datafile 
themselves can override these assumptions, however, if 
either of the characters *8* or t5* occurs in a 
sample name. If *5* is present in a sample name, then 
that sample and any following samples will be assumed to 
be Pb-2O5 spiked. If *8* occurs in a sample name, 
then data for Pb 2O8 spiked samples will be assumed.

After pressing the DATAFILE key, the CRT will 
query,

Name of the VISICALC file containing the raw data? 
(enter * to escape)

Enter the name of the raw data V1ISXCALC file, including 
the mass-storage specifier if the file isn't on the disk 
in the default drive. In other words, if the disk with 
the raw data VISICALC file is in drive 1 and the name of 
the V1SI.CALC file is GEORGE, you would enter
GEORGE:D701. The CRT will clear and display the 
message "Converting raw-data VISICALC file...". 
Depending on how many samples exist in the V.ISICALC 
file, it may take from about 1 to several minutes to 
bring the VJISJICALC file into memory and convert it into 
a numeric array. When the VJISI.CALC file is converted, 
the computer will display or print out (depending on 
whether the printer or CRT was designated as the output 
device) a list of the sample names in the V.ISJICALC file, 
make some happy sounding beeps, and display "VISICALC 
FILE GEORGEsD7O1 CONVERTED." (for the sample-file 
mentioned above).

The next CRT query will be, 

SAMPLES TO BE REDUCED: FIRST C, LAST3 (ALL)?

If you want to reduce all of the data in the raw data 
VISICALC file to be reduced, just enter the word ALL. 
If you want to reduce the data for several samples in 
sequence, enter two numbers: the number of the first
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sample in the sequence and the number of the last sample 
in the sequence. For example, a reponse of 9,14 
indicates that you want samples 9 through 14, inclusive, 
to be reduced. If you want to reduce only 1 sample, 
just enter the number of that sample (the sample numbers 
Mere displayed or printed out just after the VI.SI.CALC 
file was converted).

Before starting data reduction, the CRT will 
request the initial Pb isotope ratios; as before, just 
press END LINE if you don't want any radiogenic Pb 
isotope data. You can't mix samples that require 
different initial Pb ratios in one sequence, so if you 
wanted to reduce samples 1 through 12 with one 
initial Pb and samples 13 through 34 with another, you 
would have to do the following: first, enter 1,12 as 
the "SAMPLES TO BE REDUCED", and enter the appropriate 
initial Pb when requested. Wait for the computer to 
reduce the data for samples 1 through 12. Then, enter 
13,34 as the next "SAMPLES TO BE REDUCED", and enter 

the second initial Pb when requested.

The computer will then reduce the data for all of 
the samples that you requested, printing out the results 
either on the CRT or the printer, depending on which 
output device you selected during the initial 
CRT display. When finished, the computer will make some 
happy sounding beeps, and display the query,

TYPE OF DATAFILE FOR REDUCED DATA?

and label three of the special function keys as 
NUMERIC, and ESCAPE.

iT.QR.lNG REDUCED DAJA £§ VlilQALC OR NUMERIC FILES

If you don't want to store the data on a disk, 
press the ESCAPE key. But if you do want to store the 
reduced data on a disk, you'll have to choose which type 
of f i le structure to use. If you choose yj[SI.CALC , the 
computer will create a Vj[Sj[CALC file of the reduced 
data, complete with title and column headings; in other 
words, the reduced-data VI.S.ICALC file will be a 
transformed version of the raw data VI.S.ICALC file (the 
raw data file will remain intact). If you choose 
NUMERIC, the computer will create a file consisting of a 
string array of sample names plus a numeric array of the 
reduced data values. The VISICALC reduced data file is

  'I 9 
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by far the more -flexible and convenient, but it takes 
more time to create and store, and more time for other 
programs to retrieve from the disk.

Retrieving data from numeric reduced data files:

If you intend to use the numeric data files only 
with the ISOPLOT, CPLOT, or PBPLOT programs (Ludwig, 
1983), you can skip this part of the user's guide 
because these programs can directly retrieve 
PBDAT-created numeric files.

But if you want to access these numeric data 
files from some other program, you'll need to know the 
following: for an n sample file, the data are stored as 
n pairs of 18 character strings (the sample names) plus 
45 element, short-precision vectors. So to retrieve the 
data, you must

1) dimension an 18 character string or string array 
and a 45-element short precision vector {DIM 
Name*C183... SHORT X(45)>,

2) assign a buffer to the file (ASSIGN* 1 TO 
GEORGE:D701>,

3) read the data from the file 1 sample at a time; 
for example,

100O READ* 1,1 ; Name*,X() ! Ith sample

Structure of Reduced Data Files:

The VI.SI.CALC and numeric reduced data files 
have the following structure:
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VISICALC NUMERIC
COLUMN COLUMN PARAMETER

C 1 The larger of Sample Weight or
	Sross Weight.

D 2 Uranium concentration (ppm).

E 3 Thorium concentration (ppm).

F 4 Lead concentration (ppm).

6 5 Common lead concentration (ppm).

H 6 Nanomoles of Pb 2O6 per gram.

I 7 Raw (blank and mass discrimin 
	ation uncorrected) 2O6/2O4.

J 8 Corrected (for blank and mass- 
	discrimination) 2O6/2O4.

K 9 Corrected 2O7/2O4.

L 1O Corrected 2O8/2O4.

M 11 radiogenic (corrected for blank 
	and initial-Pb) Pb-2O6/U-23S.

N 12 radiogenic Pb-2O7/U-235.

O 13 radiogenic Pb-2O7/Pb-2O6.

P 14 radiogenic Pb-2O8/Th-232.

Q 15 Pb-2O6/U-238 apparent age (Ma).

R 16 Pb-2O7/U-235 apparent age (Ma).

S 17 Pb-2O7/Pb-2O6 apparent age (Ma).

T 18 Pb-2O8/Th-232 apparent age (Ma).

U 19 Mu (U-23S/Pb-2O4).

V 2O Nu (U-235/Pb-2O4).

W 21 Th-232/Pb-2O4.

X 22 Beta eU/U (ratio of estimated CU3
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from beta activity to isotope dil 
ution CU3).

Y 23 Gamma eU/U (ratio of estimated CD3
from gamma activity to isotope dil 
ution CU3).

Z 24 Beta/Gamma activity ratio.

AA 25 Uncertainty in CU3.

AB 26 Uncertainty in CTh3.

AC 27 Uncertainty in CPb-2O43.

AD 28 Uncertainty in CPb-2O63-

AE 29 Uncertainty in corrected 2O6/2O4.

AF 3O Uncertainty in corrected 2O7/2O4.

AG 31 Uncertainty in corrected 2O8/2O4.

AH 32 Error correlation for corrected
2O6/2O4 - 2O7/2O4.

AI 33 Error correlation for corrected
206/2O4 - 2O8/2O4.

AJ 34 Uncertainty in radiogenic
Pb-2O6/U-238 (& 2O6/238 age).

AK 35 Uncertainty in radiogenic
Pb-2O7/U-235 (& 2O7/235 age).

AL 36 Uncertainty in radiogenic
Pb-2O7/Pb-2O7 (& 2O7/2O6 age).

AM 37 Error correlation for radiogenic
Pb-2O6/U-238 - Pb-2O7/U-235.

AN 38 Uncertainty in radiogenic
Pb-2O8/Th-232.

AO 39 Uncertainty in Mu and Nu.

AP 4O Uncertainty in Pb-2O8/Th-232.

AQ 41 Error-correlation for
2O6/2O4 - Mu.
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AR 42 Error correlation for
2O7/2O4 - Nu.

AS 43 Error correlation for
2O8/2O4 - Th-232/Pb-2O4.

Note that all of the uncertainty parameters are in 
percent and at the 2 sigma/95X confidence level.
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SAMPLE: Figure 1: Example of Reduced Data for a Pb-2O8 Spiked Sample 

2O6/2O4 %err 2O6/2O7 %err 2O6/2O8 %err

UNSPKD 1OO1.2- .94 1O.O32 .022 15.321 .021
SPIKED 9.9784 .Oil .9432 .OO9
SPIKE 16.2 .3128 .OOOO931

BLANK: 6/4=18.9OO+/-2.OO 7/4=15.55O+/- .20 8/4=37.9OO+/-1.SO 
.O7319 G Pb-2O8III spiked, &9.7922E-OO9 +/- .05% moles 2O8/G 
.06138 G U-235III spiked, 85.9419E-OO8 +/- .05% moles 235/G 
.06138 G Th-23OII spiked, 6-7.981OE-OO8 +/- 2.OO% moles 23O/G

SAMPLE WT. TOTAL-AL. Pb-UNSPKD AL. Pb-SPKD AL. 
.01234 .6666 .5432 .1234

Pb Unspiked Aliquot, Corrected for .14-»-/-.O84 nG Pb Blank, 
and .14+/-.O5 %/a.m.u. Mass Discrimination

2O6/2O7 2O6/208 2O6/2O4 2O7/2O4 2O8/2O4
1O.O21 15.3O3 1OO6.9 1OO.47 65.797

+/-.O598% +/-. 142% +/-.964% +/-.966% +/-.967%

Error-Correlss 2O7/2O4-2O6/2O4-.998O8 2O8/2O4-2O6/2O4=.98913

Moles Pb Per Gram:
2O6 2O7 2OS 2O4 TOTAL 

3.145O1E-OO7 3.13812E-OO8 2.O5515E-OO8 3.12348E-O1O 3.66746E-OO7 
+/-.12%

44 nG Common-Pb in Unspkd Al.     (4.41 PPM> 

PPM Total Pb = 75.612 Pb-Spiked Aliquot Blank » .23 nG

238/235= 1.2543 +/- .21 % 232/230= .O5321 +/- .32 % 
.32 nG U-Blank, .11 nG Th-Blank U-Th SPIKED-AL.= .1234 Grams

238 235 232
Moles Per Gram: 2.O381E-OO6 1.4781E-OO8 1.1181E-OO7 

488.63 PPM Uranium (+/-.499%) 
25.94 PPM Thorium (+/-2.O8%) Th/U= .O53O9

238/204= 6525 235/2O4* 47.323 (+/-J 
232/204= 357.98 (+/-:

Rho(U/4-6/4)= .87773 Rho(U/4-7/4)= .87918 Rho(Th/4-8/4)= .41365

Radiogenic-Pb 2O6* 2O7* 2O8* 
Moles Per Gram: 3.O944E-OO7 2.66O2E-OO8 9.4OO7E-OO9

Initial-Pbs 6/4=16.2 +/- O 7/4=15.3 */- O
8/4=35.7 +/- O RHO(6/4-7/4) - O

2O6/238 2O7/235 2O7/2O6 2O8/232

RATIOS: .15183 1.7997 .O85969 .O84O75
ERRORS: .514% .545% .167% 2.38%
AGES (Ma): 911.22 1O45.4 1337.5 1631.7

Rho (207/235-206/238) = .9516
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SAMPLE: Figure 2: Example of Reduced Data for a Pb-2O5 Spiked Sample 

2O6/2O4 %err 2O6/2O7 %err 2O6/2O8 %err

SPIKED 1001.2 .54 w 1O.O32 .13 5.O711 .085 
SPIKE 20.3 1.21 .4846

SPIKED-SAMPLE 2O6/2O5 - .54O2 +/-. 12% SPIKE 2O6/2O5 - -OO1128

BLANK: 6/4=18. 9OO+/-2. OO 7/4=15. 550+/- .20 8/4=37. 9OO+/-1 -SO 
.O5321 G Pb-2O5a spiked, e3.9485E-Oll «-/- .50% moles 2O5/G
  O5321 G Pb-2O5a spiked, S1.7O55E-OO9 +/- .507. moles 235/G
-O5321 G Pb-2O5a spiked, &7.981OE-OO8 «-/- 2.OO7. moles 23O/G

SAMPLE WT. (mG) PERCENT LOADED 
. 0203 70

PbHJnspiked Aliquot, Corrected for .OO62+/-.OO37 nG Pb-Blank, 
and . 14+/  .05 %/a.m.u. Mass  Discrimination

2O6/2O7 2O6/2O8 2O6/2O4 2O7/2O4 2O8/2O4
10.965 5.679 2597.1 236.85 457.31

+/-4.8% +/-6. 177. +/-81.5% +/-76.7% +/-75.3X

Error-Correls: 2O7/2O4-2O6/2O4=1 2O8/2O4-2O6/2O4=. 99998

Moles Pb Per Gram:
206 207 208 2O4 TOTAL 

5.53282E-008 5.O4581E-OO9 9.74253E-OO9 2.13O42E-O11 7.O1379E-OO8

.OO61 nG Common-Pb in Unspkd Al .     (.3Oi PPM) 

PPM Total Pb = 14.471

238/235= 5.321 +/- .32 7. 232/230= 3.O97 « /- .45 Y. 
.015 nG U-Blank, .OO9 nG Th-Blank

238 33? 232
Moles Per Gram: 2.4966E-OO5 1.81O7E-OO7 6.515OE-OO4 

5985.8 PPM Uranium <+/-.757.) 
15.11 7. Thorium <+/-2.O87.) Th/U= 25.25

238/204= 11719OO 235/204= 8499.4 <+/-82. 17.) 
232/204= 30581000 <-«-/-82. 17.)

Rho(«J/4-6/4)= .99991 Rho<U/4-7/4)= .93926 Rho (Th/4-8/4)= .93767

Radiogenic-Pb 2O6* 2O7* 2O8* 
Moles Per Gram: 5.4983E-OO8 4.7194E-OO9 8.9818E-OO9

Initial-Pb: 6/4=16.2 +/- .25 7/4=15.32 +/- .031 
8/4=35.71 +/- .42 RHO(6/4-7/4) = .925

206/238 207/235 2O7/2O6 2O8/232

RATIOS: .OO22023 .O26O64 .O85834 .OOOO13786
ERRORS: 1.O97. 1.1X .201% 2.34%
AGES <Ma): 14.181 26.126 1334.5 .27865

Rho (207/235-206/238) = .98327
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Figure 3

DATA FROM LABDATA FILE "Defl_ab"s

Pb-208 Spike (Pb-2O8III):

E2O8D = 9.7922E-O09 +/- .05% moles/g
(not a mixed Pb/U spike)
2O6/204* 16.2 2O6/2O7=* .5 206/208= .OOOO931

Pb-2O5 mixed spike <Pb-2O5a> :

£2053 = 3.9485E-O11 +/- .50% moles/g
E2353 = 1.7O55E-O09 +/- .SO'/, moles/g
C23O3 - 1.2774E-OO9 +/- .50% moles/g

206/205 = .001128 238/235 » .OOO6119951 
2O6/2O4 = 2O.3 232/23O » .OOO3921569 
2O6/207 - 1.21 
2O6/2O8 » .4846

U-spike (U-235III):

C2353 - 5.9419E-O08 +/- .05% moles/g 
238/235 - .OOO41841

Th-spike (Th-23OII)s

C23O3 = 7.981OE-OO8 */- 2.OO% moles/g 
232/23O » .OO1292

Average mass-discrimination during mass-spectrometer runs, in %/a.m.u. - 

Pbs .14 +/- .05 U: .3 +/- .15 Th: .3 +/- .3

Average Blanks:

Uncertainty in assigned amount: Pb - 6O% U - 1OO% Th - 1OO%

Pb blank ratios and uncertainties:

2O6/2O4 = 18.9+/-2 2O7/2O4 = 15.55+/-.2 2O8/2O4 = 37.9+/-1.8 
Erroi Correlations: 2O6/2O4-2O7/2O4= .7 2O6/2O4-2O8/2O4= .7
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SAMPLE VISICALC RAW-DATA FILE FOR Pb-2O8 SPIKED SAMPLES

SAMPLE
SSSSSS'

Cl-1
Cl-i
Cl-2
Cl-2
Cl-3
Ci-4
Cl-5
Ci-6
Ci-7
Cl-8

NAHE

LEACH
RESIDUE
LEACH

T
I
T
A
N

GROSS HT.
(6)

32.53
17.04
2.305
36.79
2.019
3.004
.91
21.45
27.98
104.32

/WEIGHT
16)

1.14
1.14
.66
.73
.S3
1.16
.91
.63
1.24
.74

TOT. AL.
(6)

68.62
26.46
63.42
53.77
51.68
56.53
55.03
57.11
62.45
58.91

UNSPKD AL
(6)

.2595
3.3946
.2797
3.3391
3.2732
.3321
.3047
.3967
.3215
.2301

. SPKD AL
(E)

.137
1.1352
.1076
.2333
.2163
.2204
.2211
.2204
.2313
.1261

Pb SPIK
(6)

.2136

.2105

.2128

.2126

.2161

.2119

.2132

.2125

.2132

.2146

E U SPIKE
(G)

.2142

.2136

.2126

.2072

.2138

.214

.2125

.2124

.2123

.2129

Th SPIK
(6)

.0787

.0797

.0799

.0842

.0841

.0799

.0643

.0784

.0798

.0804

E 206/204
MSPKD

========== 
42.34
190.22
45.594
46.069
48.588
49.63
48.232
46.33
46.529
44.935

lerr
ra====r=

.055

.0044

.044

.03

.039

.105

.043

.01

.009

.047

206/207
UNSPKD

2.4833
8.6466
2.6432
2.6705
2.7911
2.3465
2.7795
2.6809
2.6928
2.6123

Zerr

.004

.0044

.016

.024

.028

.02

.027

.014

.003

.01

AA A8

206/208 206/204 
UNSPKD Zerr SPIKED
rsrasssz

1.0562
4.7922
.1267
.1398
.1952
.2229
.1954
.1445
.1502
.1127

======

.003

.003

.01

.033

.44

.028

.043

.015

.017

.013

45.532

45.048

lerr

.426

.01

206/207
SPKD

2.4865
8.5016
2.6415
2.6704
2.7897
2.8461
2.779
2.6792
2.6923
2.6123

Zerr
rsr==a=

.01

.01

.087

.011

.026

.04

.007

.023

.004

.021

206/20E
SPKD

.53145

.41067

.48263

.77951

.85566

.921

.87381

.76792

.93693

.65049

1
Zerr

.01

.01

.054

.017

.041

.023

.032

.049

.023

.042

238/235

7.1174
1.2394
5.1504
14.211
17.869
21.519
19.362
13.429
26.614
8.5994

Zerr

.31

.06

.006

.172

.157

.025

.019

.19

.128

.16

232/230

.00924

.00804

.00607

.00502

.00401

.00397

.00233

.0104

.00109

.00056

Zerr
:======:

1.8
.359
.042

..104
.347
.109
.543
.104
.684
3.42

Pb-8LAN
(nS)

.66

.66

.66

.66

.54

.54

.54

.66

.66

.66

K U-BL/
<nS)

=33====:

.052

.052

.052

.052

.037

.037

.037

.052

.052

.052



Figure 5

SAMPLE VISICALC RAW-DATA FILE FOR Pb-2O5 SPIKED SAMPLES

SAMPLE MAKE
UEI6HT
( 6)

IPb
LOADED

Fb-U-Th

SPIKEO-6 206/204 Xerr 206/207 lerr 206/203 lerr 206/205
sssss=s»=s==s=rs=3sss===sssaszsss=s=rr=3ssszs==s====ss=zss====sz=ssaszsrs=s=3sassssrsss===sss==s^

H 200-270,50,1-1.5
200-270, H2. 50
200-270,1-2.50
200-270,M«1D
270-425,W1J>
*200,N«1.5A
+200,..Hm.5A
*200N«1.5 106R
+200NH 1.5 40 SLZR
*200H 1.5 19 HDN
-200*270 ill. 5 MX
-270*425 NIO
-200*270 H2.50

.127

.104

.0052

.084
.117
.018
.015
.018
.137
.053
.084
.0084
.0067-

67
67
67
80
80
SO
67
67
50
67
67
67
67

.074

.076

.073
.074
.074
.076
.073
.074
.078
.089
.062
.074
.072

2375(0)
1635.23
363.0IMJ
957.9(0)
914.HH)
3545
2129
541.5 11
15480
8160 n

11959 K
2893. 0
1350. 0

i

.4

.4

.4
.32
2
1.5
2
2.8
.8
1
1.8
.54

9.5101(0
8.157HC
8. 6815 (C
8.3606(0
a.686(C)
7.517
4.835
7.532

9.0956
9.873
9.941
9.630 D
9.253 D

.06

.09

.08

.06

.06

.34

.15

.1
.1
.04
.1
.6
.06

.4399(0
10. 427 (H
13.83801
13.183(0
14.0168(
.63071
2.926

.6307 D
22.238 N
.8538
.4092
25.81- 0
19.441 D,

.06
.1
.1
.06
.1
.3
.07
.2
.3
.1
.2
1.2
.14

12.680(0
6.9801H)
8.732(11)
5.3345(0
5.227(11)
12.154
4.523

12.161 0
86.97 H
256.8 H
307.3 H
223.51 0
69.98 0

Pb-BLAHK U-SLANK Th-BLANK
lerr

.1

.12

.12

.04

.1

.4

.07

.2

.6

.14

.5
2

233/235

.9901(0)
" .6943(0)

.8181(0)

.4407(0)

.4433(0)

.9426(0)

.3315(0)
.9511 0
6.403 0
17.34 D
20.530

13.34 0

lerr

.04

.16

.06

.03
1
.5
.1
.3
.1
.2
.4
.4

232/230

.4630(0) .

.2322(0) .

.08430(0 .

.08223(0 .
7.023(0) .
.0971(0) .

7.07 0 .
1.326 0 .
111.4 D .
274.4 D .

4.270 0 .

lerr

14
12
1
42
51
49
32
38
42
31
51

nS

.054

.054

.54

.012

.012

.012

.012

.054

.054

.054

.012

.054

n6

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

.005

n6

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004

.004-

.004
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Figure 6

SAMPLE VISICALC REDUCED-DATA FILE

A B C 0 E F
SAMPLE-*!

SAMPLE NAME

RA 3/83-
RA 3/83-
RA 3/83-
RA 3/83-
RA 3/83-

B=5==S7E*SS

400.8 TA
400.8 L
224.6 L
182.1 TA
246.0 TA

RA 3/83- 273.8 TA
RA 3/83-

n
206/238

RAO.

.10003

.078699
.53303
.18395
.14114
.48466
.50845

¥
6AIU1A
eU/U

2.3746
1.4111
1.4836
1.414

AX
207/235
Zerr

1.17
1.19
1.3
.432
.439
.551
.444

291.7 TA

N
207/235

PAD.

1.1092
.81822
2.5062
1.6229
1.7244
7.556
7.8574

1
BETA/
6AWA

.929
1.4
1.19
1.12

AL
207/206
Zsrr

.734

.329
1.04
.0997
.0591
.144
.0576

(6)

36
36
26
52
32
25
23

0
207/206

RAO.

.080421
.075404
.0341
.063987
.088607
.11307
.11208

AA
HI]
Zerr

3:2332233;

.417
1.09
.405
.405
.421
.512
.428

AN
RHO

6/8-7/5

.81801

.96196

.665 -

.97311

.99089

.9652

.99157

U(ppa>

32.241
30.685
3.428
266.57
7582.8
1759.2
2008.5

P
206/232

RAO.
S2=3 32222

.035976

.023552
.032988
.048913
.13276
.01974
.1435

AB
ITh]
Zerr

.529

.721

.611

.515

.535

.767

.541

AN
208/232
Zerr

4.65
2.03
1.6
2.39
4.74
9.7
7.7

Th(ppi)
 ^  aa ass g*

15.999
14.715
15.093
19.398
18.57
16.446
21.176

a
206/238
ASEdy)

333335S2:

614.6
488.36

-2754.2
1088.5
851.12
2547.5
2650

AC
COSM.-Pb

Zerr
332323323

17.2
5.12
5.97
13.7
3.74
.736
1.85

AO
238/204
Zerr

18.5
5.39
6.21
13.7
3.77
.904
1.91

Pbtppii
;-   .US2S

4.2666
2.8472
2.289
46.327
1006.9
854.5
985.83

R
207/235
ASEdy)

737.7?
607.05
1273.8
979.1
1017.6
2179.7
2214.8

AO
[Pb-2061

Zerr

.113
.115
.129
.114
.117
.123
.114

AP
232/204
Zerr

13.5
5.32
6.22
13.7
3.79
1.06
1.93

6
CQKHOX
Pb(ppi)

.756

.2338

.2191
.642
3.384
29.63
6.964

S
207/206
ASEdy)

1207.3
1079.3
-781.67
741.2
1395.7
1849.3
1833.4

AE
206/204
Zerr

ESSSSSS^S:

17.2
5.11
5.97
13.7
3.74
.726
1.85

AO
RHO

Ku-Alpha

.99961
.97854
.99744
.99949
.99284
.80415
.97116

H
Pb-206

nflOLES/S

14.302
10.341
7.8679
205.24
4467.7
3589.6
4267.3

!
208/232
A6E dy>

714.39
569.01
456.01
965.21
2519.6

2710.4

AF
207/204
Zerr

raaaasssaa

10.3
3.91
3.18
13
3.72
.699

.1.83

AR
RHO

Nu-Beta

.93529
.91779
.93197
.93899
.94161
.75334
.9224

I
206/204

RA»

206.32
556.15
455.29
3632.4
17379
1666.5
8294.1

U

238/204

2482.3
7479.9
910,56
24169
130410
3455.9
16787

A6
208/204
Zerr

9.97
3.88
4.84
9.62
2.31
.338
.999

AS
RHO

Th/4-8/4

.92102

.92333

.92927

.93028
.89426
.52051
.80909

J
206/204

CORR.

264.01
604.37
501.06
4461.5
18422
1690.6
8550.9

V

235/204
nt33=sr2S2:

18.004
54.249
6.604
175.29
945.83
25.064
121.75

AH
RHO

6/4-7/4

.99982
.99965
.99919
.99998
.99988
.98398
.99953

:

K
207/204

CORR.
23333222:

35.281
59.699
31.862
299.79
1646.2
204.7
971.94

«

232/204

1272.8
3706.4
4142.4
1817.3
329.99
33.382
182.87

AI
RHO

6/4-8/4

.99804
.99909
.9995
.99921
.94041
.8263
.89975

L
208/204

CORR.
(SS233S33:

81.123
141.16
171.99
124.23
79.149
56.027
61.581

I
BETA
eU/U

1.0729
.95875
.85266
.76674

AJ
206/238
Zerr

.666
1.11
.473
.418
.434
.528
.44
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APPENDIXs PROGRAM LIST FOR PBDAT

s i mmtmmmtmmtmt PBDAT mtmttmmmmttmmmmmt
12 ! HP-87 proqrai to reduce ran Pb-U-Th isotope ratios and lab-data to blank-
16 ! and discriiination-corrected ratios and concentrations, together with
20 ! errors and error-correlations.
24 ! Error and error-correlation calculations follow EPSL V.46, P.212-220,1980
28 i
32 ! K.R. Lud»ig, U.S. Geological Survey Open-File Report 84-W.
36 i Requires 120 kbytes, Adv. Progr. i Matrix ROHS
40 !
44 ALPKALL ? PA6ESIZE 24 ? CLEAR * D1SP 'Please wait about 10 seconds...' * D1SP 9 GOTO BE6IN
48 !
52 ! Variables froi LabOata File:
56 f
60 ! Hixed.spike
64 !
68 !
72 !
76 !
80 !
84 !
88 !
92 !
96 !
100
104
108
112
116
120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200

Pbdisc
Udisc
Thdisc
Blank64
Blank74
Blank84
Blank64err
Blank74err
Blank84err
Blank6474.rho
Blank6484_rho
Pbblank_perr
Pbdisc_err
Udisc_err
Thdisc_err
Spike64
Spike67
Spike68
Spike65
Spike233235
Spike232230
Spike208pg
Spike205pg
Pbspike_conc_perr
Spike205pg_perr
Spike235pg
Spike230pg
Spike235pg_err
Spike230pg_perr

 ixed Pb-208/U(/Th) spike? (0/1) 
I/a.i.u. tass-discr. for Pb

      u
1 Th

206/204 of blank-Pb 
207/204 
208/204
absolute uncertainty in blank 206/204 

  207/204 
' 208/204

error-correlation for blank 6/4-7/4 
' 6/4-8/4

luncertainty in ng of Pb blank 
uncertainty in Pb lass-discr./atu 

    U "
  Th 

Pb-spike 206/204 ratio
  ' 206/207 '
  ' 206/208 ' 

Pb-205 spike 206/205 ratio 
U-spike 238/235 ratio 
Th ' 232/230 '
 oles/g of Pb-208 in spike
 oles/g of Pb-205 in spike 
I */- in Pb-spike concentration 
I */- in Pb-205 spike concentration
 oles/g of U-235 in U-spike 

Th-230 in Th-spike
Z uncertainty in U-spike concentration 

Th '

DEFINITIONS OF INPUT (RAM-DATA) DATAFILE VARIABLES 
ARRAY R(I,J) & VISICALC COLUMN VCcol

ttitmtm FOR SAHPLES SPIKED KITH Pb-208 OR Pb-206 ONLY
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J VCcol SI6NIFICANCE

1 C gross saiple-neight (g) - i.e., before solid aliquoting
2 D saiple-neight (g) * actually dissolved
3 E Height of solution of dissolved satple before aliquoting
4 F weight of Pfa-unspiked liquid aliquot of dissolved saiple
5 6 weight of Pb-spiked liquid aliquot " " "
6 H grais Pb-spike delivered to 5
7 1 grais uraniui spike delivered either to 3 or 5
8 J ' thoriui ' ...
9 K unspiked-aliquot 206/204
10 I Zuncertainty in 9 (not incl. lass-discr. err)
11 M unspiked-aliquot 206/207
12 M Zuncertainty in 11 (not incl. lass-discr. err)
13 0 unspiked-aliquot 206/208
14 P Zuncertainty in 13 (not incl. ...)
15 B Pb-spiked aliquot 206/204
16 R Z uncertainty in 15 (not incl....}
17 S Pb-spiked aliquot 206/207
18 T Z uncertainty in 17 (not incl....}
19 U Pb-spiked aliquot 206/208
20 V Z uncertainty in 19 (not incl....}
21 M 238/235 of U-spiked aliquot
22 X Zuncertainty in 21 (not incl...)
23 Y 232/230 of Th-spiked aliquot
24 Z Zuncertainty in 23 (not incl...}
25 AA Pb blank of Pb-unspiked aliquot, in nanograis
26 Afi U blank of U-spiked aliquot, in nanograis
27 AC Th blank of Th-spiked aliquot, in nanograis
28 AD Beta-ell CEst. U-content fro§ beta-activity] (percent)
29 AE gaww-eU Test. U-content froi gaita-activity? (percent)
30 AF Bet a/6a wa activity-ratio

Itltttttttt FOR NIXED Pb205/U235/Th230 SPIKED SAMPLES ONLY tttttltttlttt
1 C sa§ple Height (g)
2 D Height (9} of aixed Pb205-U235-Th230 spike delivered
3 E Percent of total dissolved satple (extracted and) loaded
4 F observed 206/204 ratio
5 6 Zuncertainty in 206/204, not incl. lass-discr. err
6 H observed 206/207 ratio
7 I Zuncertainty in 206/207, not incl. aass-discr. err
8 J observed 206/208 ratio
9 K Zuncertainty in 206/208, not incl. uss-discr. err
10 L observed 206/205 ratio
11 H Zuncertainty in 206/205, not incl. aass-discr. err
12 » observed 238/235 ratio
13 0 Zuncertainty in 238/235, not incl. aass-discr. err
14 P observed 232/230 ratio
15 Q Zuncertainty in 232/230, not incl. aass-discr. err
16 R Pb blank for Pb run, in nanograis
17 S U blank for U run, in nanograis
18 T Th blank for Th run, in nanograis
19-43 not used for Pb-205 spiked satples

DEFINITIONS OF OUTPUT (PROCESSED-OATA) VARIABLES: ARRAY P(I,J) 
ARRAY P(I,J); NUMERIC-FILE COLUMN! J, VISICALC COLUMN VCcol

J VCcoL SI6NIFICANCE
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1 C saiple-weight (g) or, if one exists, gross-Height
	(gross-ttt is weight of total ground sample before splitting)

2 D ppi U
3 E pp§ Th
4 F ppi Pb
5 6 ppi couon-Pb
6 H nanoioles Pb-206 per grai
7 I raw (uncorrected) 206/204 of unspiked-aliquot
8 J blank & discr.-corrected saaple 206/204
9 K   ' 207/204
10 L   ' 208/204
11 H radiogenic Pb-206/U-238
12 N radiogenic Pb-207/U-235
13 0 radiogenic Pb-207/Pb-206
14 P radiogenic Pb-208/Th-232
15 Q 206/238 age (Ha)
16 R 207/235  
17 S 207/206 '
18 T 208/232  
19 U «u (238/204*
20 V Nu (235/204)
21 N 232/204
22 K Beta eU/U
23 Y Sana eU/U
24 Z Beta/Sana (cps)
25 AA Xuncertainty in [U3
26 AB * [Th3
27 AC ' CPb-2043
28 AD ' CPb-2063
29 AE ' 206/204
30 AF ' 206/207
31 A6   208/204
32 AH error-correlation for 206/204-207/204
33 AI ' 206/204-208/204
34 AJ luncertainty in radiogenic 206/238
35 AK ' 207/235
36 At   207/206
37 AH error-correlation for 206/238-207/235
38 AN luncertainty in radiogenic 208/232
39 AO luncertainty in Nu and Nu (238/204 & 235/204)
40 AP luncertainty in 232/204
41 AQ error-correlation for Alpha-Mi
42 AR ' Beta-Nu
43 AS ' 6aMa-232/204

VAR in a variable naie indicates a variance, PVAR indicates a variance in percent-squared, err usually indicate 
s an absolute error, perr a Z error. 
628 !
632 BEBIM: OPTION BASE 1 
636 SHORT R(100,30),P(10e,45),M5),C(30)
640DIHN4(100)C183,F$(3)[33,TABLE«C803,A(7),A$[803,AA$[803,ALLKEY$t2563 
644 DIH Pb208(6),Pb205U2),U235(3),Th230(3),Discr(6) > Blanks(ll) > Trialna»e$[803 
648 DIHLabdata$n53,Pb208«n53,Pb205$U53,U235$n53,Th230$ti53,CT$[83 
652 DlHPbspikei[153,Uspikei[153,Thspike$tl53,Q$Cl},Sl$C103,S2$[103,S3i[103 
656 !
660 ! Default settings are for CRT output, keyboard data-entry, Pb-208 spiked. 8* is '
664 Printer,Datafile,Pb_205spiked*0 9 PRINTER IS 1 9 Q$=CHR$ (34) 9 CT$*H6L$ C COW ') 9 EL$-H6L$ C END LINE  ) 
668 NE9=1000000000 9 HE6=1000000 9 KYBRD,Datafile,NeM_default_labdata,Init64,Newfile=0 9 Blank_iult=l 
672 AN204=203.973 9 AN206=205.974 9 AN207*206.976 f Ail208=207.977 9 AtNt.U=238.029 9 At«t.Th*232.038 « atotic tits of Pb 
isotopes, natural U & natural Th
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676 La»bda238=.000155125 * Latbda235=.00098485 * Uibda232=.000049475 ! decay constants ot U-238, U-235, Th-232, in deca
ys/i.y.
680 Nat_Uratio=137.88 ! 238/235 oi natural uraniut
684 !
688 ALLKEYfsRPTI <  ',256) ! build string for keyboard-interrupt procedures
692 !
696 FOR 1=1 TO 256
700 IF K128 OR 1)172 THEN ALLKEY$[I,IJ=CHRI (I)
704 NEXT I
708 !
712 Labdata$='DefLab' * 60SUB Readjabdatafile 9 60SUB Transfer.lafadata.variables ! load default Labdata File CDefLab
*) into tetory
716 CHOOSE: ALPHA 1 9 CLEAR 9 ALPHA 21,24 9 AWRIT 'ASTERISKS INDICATE DEFAULT OPTIONS' 9 60SU8 CLEARKEY
720 ON KEY! 1,' tCRTf GOTO DISPLAY
724 ON KEY! 2,' PRINT' 80TO HARDCOPY
728 ON KEY! 3, KEYBOARDS' 60TO KEYBOARD
732 ON KEY! 4,' DATAFILE' 60TO DATAFILE
736 IF InitM THEN ON KEY! 5,'CHANGE PBO' 60TO CHAN6EPBO
740 ON KEY! 6,' VISICALC' 60TO VISICALC
744 ON KEY! 7,' tPb-2081' 60SUB PbJOB
748 ON KEY! 8,' LABDATA' 60TO Labdatafile
752 IF Datafile THEN ON KEY! 11,'MORE DFRED' GOTO DATAFILEINPUT
756 ON KEY! 13,' HELP' 60TO HELPJ
760 ON KEYI 14,' Pb-205" 60SUB Pb 205
764 KLABEL: KEY LABEL
768 80TO 768
772 !
776 ! Utility Subroutines:
780 !
784 CLEARKEY: ! Clears all special-function-key functions & labels
788 FOR 1=1 TO 14 9 ON KEYI i," 60SUB RETRN 9 NEXT i * RETURN
792 !
796 RETRN: RETURN ! Dutty return
800 !
804 YESNO: ! Return 1 if Y-key pressed, 0 if N-key pressed, clunk if any other
808 ON KY8D k,ALLKEY$ 80TO Key.pressed
812 60TO 812
816 Keyjressed: KEY**UPC$ (CHRI (I:))
820 IF KEYSt'N* AND KEYII'Y' THEN 60SUB CLUNK * 80TO YESNO
824 IF KEYI='Y' THEN YES*1 aSE YES=0
828 OFF KYBD 9 RETURN
832 !
836 DEF FNAliq(Pbunspkd_al_equiv,Pbspkd_al_equiv)
840 ! Returns Pb-unspiked aliquot equivalent satple-irt if an unspiked aliquot exists, otherwise returns Pta-spiked ali
quot equivalent Nt.
844 IF Pfaunspkd_al_equiv THEN FNAliqspbunspkd_al_equiv
848 IF NOT Pbunspkd_al_equiv THEN FNAliq-Pfaspkd.al.equiv
852 FN END
856 !
860 DEF FNDr<N,D) ! Returns N rounded to D significant figures (HP9845 Dround)
864 IF N THEN Hu*10A (D-INT (L8T (ABS (N)»-l) ELSE Hu-1
868 FNDr-IP (NtHu)/Hu
872 FNEND
876 !
380 RETRIEVE: ! Retrieve up to 7 numeric values frot string, separated by a cona. If less than 7
884 ! values are entered, the unused eletents of the 7-eleient A-vector retain zero.
888 LINPUT AS 9 NinputsM) 9 NAT A=ZER
892 AAS=A* 9 ON ERROR GOTO 904
896 AU+NinputsJsVAL (AD 9 Ninputs=l^Ninputs
900 Cotta-POS (Al,','} 9 IF Coita=0 THEN 904 aSE AJ=Ai[CotiaM] 9 SOTO 896



904 OFF ERROR 9 RETURN 
908 !
912 BAD.INPUT: 80SUB CLUNK 9 DISP 9 DISP AA*;' IS NOT A LEBAL RESPONSE tilt' 9 DISP 9 RETURN 
916 !
920 DEF FNERRJU) = '+/-'WAL$ (FNDHSQR (X),3WI' 
924 ! e.g. for X=3.141592, output is +/-1.77Z 
928 !
932 DEF FNER$(X) = '*/-'iVAL$ (WI*
936 ! e.g. for 1*3.141592 output is */-3.1415921 
940 ! 
944 !
948 DEF FNN(X) = XM(X<l/NE6)tNE9+(X>= l/HE6)l(I(.01)tNEfiM)(>= .01)1100) ! MULTIPLY BY 1E9, 1E6, OR 100 
952 !
956 DEF FNL$(X) ! Return appropriate units (PPB, PPH, or I) 
960 F$(1)='PPB' 9 F$(2)='PPH' 9 F$(3)='I' 
964 FNL$=F$((X<l/NE6)*2t(X>* l/NE6)t(X<.Om3t(X>= .01}} 
968 FN END 
972 ! 
976 !
980 ! UWtmWt Input data frot the keyboard tWWWWWWW 
984 !
988 KYBRDINPUT: OFF KEY! 9 CLEAR 9 DISP '(Brackets indicate optional input)' * DISP * DISP '(enter H for help with any 
query)' 9 DISP 9 DISP 

992 LINPUT 'SAMPLE NAHE'Jrialnaie* 
996 IF UPCS (Trialna§e«)='H' THEN SOSUB NOHELP 9 80TQ 992 
1000 IF Trialnate$=" THEN Trialnaie$=" ' 
1004 N$(I)=Trialnaie$[l,HIN (LEN (Trialnaie$),18)] 9 GOTO 1008 
1008 FOR J=l TO 30 9 R(I,J)=0 * NEXT J 
1012 IF NOT Pb_205spiked THEN 1056 
1016 !
1020 DISP 9 DISP '6RAHS OF SAHPLE [,PERCENT OF DISSOLVED SAMPLE (EXTRACTED t) LOADED)';? SOSUB RETRIEVE 
1024 IF UPC$ (AA$)='H' THEN SOSUB HELP 4 9 6QTQ 1020 
1028 R(I,4)=0 9 R(I,3),R(I,5)=1 9 IF A(l) THEN R(I,2)=A(1) ELSE R(I,2)=1 
1032 IF A(2) THEN Blanfc_wlt=100/A(2) aSE Blank tult=l 
1036 DISP 9 DISP '6RAHS SPIKED OF Pb-205/U-235/Th-230';* SOSUB RETRIEVE 
1040 IF UPC$ (AA$)="H' THEN 60SUB HELP_5 9 GOTO 1036
1044 R(I,6),RU,7),R(I,8)*A(1) 9 RU,9)",R<I,10),R(I,ll),R(l,12),R(I,i3),R<I,14>=0 
1048 80TO 1132 
1052 !
1056 DISP * DISP T6RAHS OF SAHPLE [, TOTAL-ALIQUOT]]';* SOSUB RETRIEVE 
1060 IF UPC$ (AA$)='H' THEN SOSUB HELP.3 9 SOTO 1044 
1064 R(I,2)=A<1) t R(I,3)=A(2) § IF R(I,2)=0 THEN R(I,2)=1 
1068 !
1072 IF R(I,2)=1 AND R(I,3)=0 THEN R(I,4)=0 9 R(I,5)=1 9 80TO 1092 ! IF no saiple or total-aliquot weights entered 
1076 DISP t DISP '(If total-spiked for UCTh] but not for Pb, enter' * DISP 'Spiked Aliquot weight as its negative value) 
  9 DISP
1080 DISP 'GRAMS OF [CUNSPIKED-ALIQUOT,] SPIKED-ALIQUOT]';? SOSUB RETRIEVE 
1084 IF UPC$ <AA$}="H* THEN SOSUB HELP.7 * SOTO 1076 
1088 IF A(2) THEN R(I,4}=A(1) 9 R(I,5)"=A(2) ELSE R(I,4)=0 9 R(I,5)*A{1) 
1092 IF R(I,3)=0 THEN R<I,3)=R<I,4)*R<!,5)
1096 DISP 9 DISP 'BRANS SPIKED OF: Pb-208 t, U-235] [, Th-230]]';§ 60SUB RETRIEVE 
1100 IF UPC$ (AA$}='H' THEN BOSUB HELP_8 9 BOTO 1096 
1104 R(I,6}=A(1) 9 R(I,7}=A(2} 9 R(I,8}=A(3} 9 IF R(I,6}=0 THEN 1172
1108 DISP * DISP 'Pb-UNSPIKED-ALIQUOT: [206/204,Zerr, 206/207,Zerr,] 206/208,lerr'jf BOSUB RETRIEVE 
1112 IF UPC* (AA$)='H' THEN BOSUB HELP.9 9 SOTO 1108 
1116 IF Ninputs-1 OR Hinput5=2 THEN R(i,13)=A(l) 9 R(I,14)=A(2) 9 BOTO 1124
1120 IF Ninputs=6 THEN R(I,9)=A(1) 9 R<I,10)=A(2) 9 Ra,ll)=A(3) 9 R(I,12)=A(4) 9 R(I,13)=A(5) 9 R(I,14)=A(6) 9 BOTO 11 
24 ELSE SOSUB BAD.INPUT 9 BOTO 1108 
1124 SOTO 1152 
1128 !
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1132 DISP 9 DISP '206/205, Zerr';* SOSUB RETRIEVE
1136 IF UPC$ (AA$)='H' THEN 60SUB HELPJ 9 BOTO 1132
1140 R(I,10)=A<1) * R(I,11)=A(2)
1144 IF Ad) THEN 1124 ELSE R(I,6)*0 9 SOTO 1176
1148 !
1152 DISP * DISP 'Pb-SPIKED ALIQUOT: I [206/204,Zerr,] 206/207,Zerr,] 206/208,Zerr';* SOSUB RETRIEVE
1156 IF UPC$ (AA*)='H- THEN SOSUB HELP.10 9 SOTO 1124
1160 IF Ninputs=l OR Ninputs=2 THEM RU,I9)=A(1) 9 R(I,20)=A(2) 9 SOTO 1172
1164 IF NinputsM THEN R(I,17HW) 9 R(I,18)=A(2) 9 R(I,19)=A(3) 9 RU,20)=A<4) 9 60TO 1172
1168 IF Ninputs*6 THEN R(I,15)=A<1) 9 R(I,16)=A<2) 9 R(I,17)=A(3) 9 RU,18)=A(4) * RU,19)=A(5) 9 R(I,20)=A(6) 9 SOTO 1
172 ELSE SOSUB BAD_INPUT 9 SOTO 1124
1172 IF R(I,7)=0 AND R(I,8)=0 THEN 1188
1176 DISP 9 DISP 'U-SPIKED-ALI8UOT: 238/235, Zerr [,232/230, Zerr]'j* SOSUB RETRIEVE
1180 IF UPC* <AA*)='H- THEN SOSUB HELPJ1 9 SOTO 1176
1184 R(I,21)=A(1) 9 R(I,22)=A(2) f RU,23)=A(3) 9 R(I,24)=A<4)
1188 DISP 9 DISP "BLANKS (in nanograis): Pb [,U [,ThJ3*;« BOSUB RETRIEVE
1192 IF UPC$ (AAf)='H' THEN SOSUB HEUM2 9 SOTO 1188
1196 R(I,25)=AU) 9 R(I,26)=A(2) 9 R(I,27)=A(3)
1200 IF R(I,7) AND R(I,21) AND R(I,6) THEN BOSUB INPUTPBO ELSE Init64,Ioit74,Init84,Init64err,Init74err,Init84err*0
1204 !
1208 !
1212 ! ttmtmmm Printout Rait Data for This Saiple WWWWIWW
1216 !
1220 SO:
1224 IF KYBRD THEN CLEAR ELSE DISP 9 DISP 'SAHPLEI *;I,N$(I}
1228 PRINT RPT* C-',80) 9 PRINT 'SAMPLE: 'jTrialnaie* 9 PRINT
1232 IF R(I,6)=0 THEN 1292
1236 PRINT TAB (lDj'206/204 Zerr'jTAB (33);'206/207 Zerr';TAB <55);'206/208 Zcrr' 9 PRINT
1240 IF NOT (R(I,9}IR(I,11)} THEN 1252
1244 PRINT 'UNSPKD-;TAB (10);R(I,9);TAB (20);R(I,10);TAB (32);R(I,11);TAB (42);
1248 PRINT R(I,12);TAB (54};R(I,13);TAB (64);R<I,14)
1252 PRINT 'SPIKED';
1256 IF RU,15) THEN PRINT TAB (10};R(I,15);TAB (20);RU,16);
1260 IF R(I,17) THEN PRINT TAB (32);R(I,17);TAB (42);R(I,18);
1264 PRINT TAB (54);R(I,i9);TAB (64);R(I,20)
1268 PRINT 'SPIKE'jTAB (10);Spike64;TAB (32);Spike67;TAB (54);Spike68 9 PRINT
1272 IF Pb_205spiked THEN PRINT 'SPIKED-SANPLE 206/205 =';RfI,10)jFNER$(R(I,lD),'SPIKE 206/205 =';Spike65 9 PRINT
1276 IHA6E 'BLANK: 6/4*',DD.3D,'t/-',D.DD,5X,'7/4*',DD.3D,'t/-',D.DD,5X,'8/4=',DD.3D,'t/-',D.DD,/
1280 PRINT USIN5 1276 ; Bl3n)c64,Blank64err } Blank74,81ank74err,BIank84,BIank84err
1284 IHA6E 3D.5D,' 6 %10A,' spiked, ?',D.4DE,' */-',DD.DD,'Z loies '^.'/B'
1288 IF NOT Pb_205spiked THEN Sl$=Pb208f 9 S2$=U235« 9 S3$=Th23M ELSE Sl$,S2$,S3$=Pb205$
1292 IF R(!,6)+R(I,7)=0 THEN SOSUB CLUNK 9 PRINT * PRINT 'Utlt HUST BE SPIKED FOR AT LEAST ONE OF Pb OR U SPIKES ISIS*
' * SOTO DONE
1296 IF RU,6) AND NOT PbJZOSspiked THEN PRINT USIN6 12B4 ; RU,6),SH,Spike208pq J Pbspike_conc_perr,208
1300 IF Pb_205spiked THEN~PRINT USINS 1284 ; R(I,6},Sl$,Spike205pg,Pb5pike.conc.perr,205
1304 IF R(I,7) THEN PRINT USINS 1284 ; R(I,7),S2$,Spike235pg,Spike235pg_perr,235
1308 IF R(I,8) THEN PRINT USINS 1284 ; RiI,8),S3$,Spike230pg,Spike230pg_perr,230
1312 IF NOT Pb.205spiked THEN PRINT 9 PRINT TAB (6);'SANPLE NT.';TAB (21);'TOTAL-AL.'jTAB (34)j'Pb-UNSPKD AL.'jTAB (51);
 Pb-SPKD AL.' "
1316 IF Pb_205spiked THEN PRINT 9 PRINT TAB (19);'SAHPLE NT. (iS)';TAB (40);'PERCENT LOADED'
1320 IF NOT Pb 205spiked THEN PRINT TAB (6);R(I,2);TA8 (21);R(I,3);TAB (35);R(I,4);TAB (51);R(I,5)
1324 IF Pb.205spiked THEN PRINT TAB (22);R(1,2)11000;TAB (43);FNDr(100/Blank_«ilt,4)
1328 PRINT RPTf C-',80)
1332 IF R(I,2)=0 THEN SOSUB CLUNK 9 PRINT 9 PRINT '????? NO SANPLE-HEI6HT FOR THIS SAMPLE ?????' 9 SOTO DONE
1336 IF R(I,3)=0 OR R(I,5)=0 THEN SOSUB CLUNK 9 PRINT * PRINT "ttltt NEED VALUES FOR TOTAL AND SPIKED ALIQUOT-WEIGHTS t
ttlf 9 SOTO DONE
1340 !
1344 !
1348 ! WWWWWWW Start Calculations for this Saiple tmtmmtS
1352 !
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1356 IF NOT KYBRO THEN 60SUB Transfer.labdata.variables
1360 Pbspkd_al_equiv=ABS (R(I,5)tR{I,2)/RU,3}) ! grais of solid-saiple equivalent in Pb-spiked aliquot
1364 IF R(I~6)=0 OR {PbJ»05spiked=0>l(RU,13}=0)+(RU,19>=0} THEN U_Th_CONC
1368 FOR J=l TO 45 9 P(i,J)=0 9 NEXT J ! zero the appropriate row in pli,j}
1372 IF NOT Pb_205spiked THEN PU,7)=RU,9) ELSE PU,7}*R<I,17) ! Ran 206/204
1376 P(I,1)=«AK (R(!,i) f R(I,2)) ! Use gross-weight for saiple weight it gross weight exists, otherwise use sample-weight

1380 Blank64perr=100tBlank64err/Blank64 * 51ank74perr=100tBlank74err/Blank74 9 Blank84perr=100*Blank84err/Blank84
1384 Init64perrMOOtInit64err/(Init64+(Init64=0)) 9 Init74perr=100tInit74err/(Init74MInit74=0)) 9 Init84perr-100tlnit84
err/(Init84*{Init84=0))
1388 !
1392 ! Test to see if Pb-data should be reduced using 206/208 ratios only, or with both 206/207 & 206/208 ratios
1396 IF NOT Pb_205spiked AND ABS «<I,li)-R<I,17)}<2tSQR f2IPbdiscj»rrA2*(RU,12)tR(I, ll)) A2*«t(I,18)»RU,17)) A2)/100 TH
EN Pb68jw»ly=l ELSE Pb68_only*0
1400 IF R(I,17)=0 OR R(I,9K22 THEN Pb68_only=l
1404 ! If either 206/204(22 or the difference between the unspiked 6/7 & spiked 6/7 is not statistically significant, us
e only the 6/8 ratios
1408 IF RU,9)=0 OR R(I,11)=0 THEN NOCOKP-1 ELSE NOCOHP=0
1412 !
1416 ! ««««« Correct Pb-isotope ratios for iass-discriiination »»»»»
1420 IF Pb_205spiked THEN DCcorr_spkd65=R(I,10)t(UPbdisc/100> ELSE DCcorrjinsp64=R(I,9)t(H-21Pbdisc/100)
1424 DCcorr_unsp67*R(I,ll)t(l-Pbdisc/100)
1428 IF R(I,9) AND R(I,11) THEN DCcorrjinsp68=R(I,13>t(l-2tPbdisc/100> ELSE DCcorr.unsp68»R(I,13)
1432 DCcorr_spkd68=R(I,19)tU-2tPbdisc/100)
1436 DCcorr_spkd64=R(I,15)t(l+2tPbdisc/100}
1440 DCcorr_spkd67=R(I,17)t(i-Pbdisc/100)
1444 !
1448 ! ««««« Calculate blank and spike ratios t abundances >»»»»»»»
1452 Blank67=Blank64/Blank74 9 Blank68=Blank64/Blank84 9 Pbblank_ng=R(I,25) ! BLANK-Pb 6/7, 6/8, aiount in nanograas
1456 IF Pb.205spiked THEN Pbblank.ng=Pbblank_ngtBlank.iult
1460 Pbun5pkd_al_equiv=R(I,4)tR(I,2)t(R(l,9)tR(I,H)tR(I,13)tO}/R(I,3) ! equivalnet solid-saeple weight, in grm, for P
b-unspiked aliquot
1464 Blank.if204=1/(HBlank64iBlank74iBlank84) ! Hole-fraction 204 in Pb blank
1468 IF Init64=0 THEN CPb.if204=81 ank.if204 ELSE CPb_rf204=l/Unit64*Init74*!nit84*l) ! Hole-fraction 204 for 'cowon-Pb
 
1472 AtVt_BlankPb=(Ali204^AH206tBlank64fAH207tBlank74fAli208tBlank84}/(HBlank64fBlank74fBlank84} ! atoiic weight of blank
-Pb

1476 IF InitM THEN At«t_CPb=(A«204+AN206tInit64*A»207$Init74*A»208$Init84)/(HInit64-Hnit74+Init84} aSE AtNt_CPb=At«t_
BlankPb
1480 Blank204=Pbblank_ngtBlank_if204/AtNtJlankPb/NE9 ! Holes blank-204
1484 8!ank206=81ank64t81ank204 9 Blank207-Blank206/BIank67 9 Blank208=Blank206/Blank68 ! Holes blank 206,207,208
1488 IF Pb_205spiked THEN Calculate_205spiked_Pb_conc
1492 !
1496 ! «««« [Pbl calculation for Pb-208 or Pb-206 spiked aliquot »»»»
1500 Spike208=Spike208pglR<I,6) 9 Spike206=Spike208tSpike68 9 Spike207^Spike206/Spike67 9 Spike204^Spike206/Spike64 ! Ho
les spike 208,206,207,204
1504 Carr64sDCcorr_unsp64 9 Corr67sDCcorr_unsp67 9 Corr68-DCcorr_unsp68 ! Trial blank-corr. 6/4,6/7,6/8 of saiple
1508 IF R(I,9)=0 OR R(I,11)=0 OR Pb68 only=l THEN Pb 206208 only"
1512 !
1516 ! «« Calculate [PbJ using both 206/207 and 206/208 of both Pb-spiked t Pb-unspiked aliquots »»»
1520 Nuier=(DCcorr_spkd67tSpike207-Spike206)/(l-DCcDrr.spkd67/Corr67)-(DCcDrr.spkd68tSpike208-Spike206)/(l-DCcorr.spkd68
/Corr68J
1524 Denot=<DCcorr^kd68/Blank68-l)/a-DCcorr_spkd68/Corr68)-{DCcorr.spkd67/Blank67-l}/(l-l)Ccorr.spkd67/Corr67)
1528 Pbspkd_blank206=Nu§er/Denoi ! Holes blank-206 in spiked-aliquot required to explain the difference in unspiked It sp
iked 206/207 ratios
1532 Pb206_coipal=(DCcorr_spkd68i(PbspkdJlank206/Blank68fSpike208}-Spike206-Pbspkd_blank206}/(l-DCcorr_spkd68/Corr68)tP
bunspkd_al_equiv/Pbspkd_al_equi v
1536 ! rales saiple Pb-206 in Pb-unspiked aliquot
1540 Test64-Corr64 9 60SUB SUBTRACT.BLANK 9 IF Corr64<0 THEN BLANKJOO.HI6H
1544 IF ABS (Corr64-Test64»Test64/NE9 THEN 1520 ! 6/4 Convergence?'

-37-



1548 MgJlnk.Pbsplcd-AtMtJUnkPt)INE9IPbspi(d_blank206/Blank64/Blank_if204 * GOTO 1688 ! Ng_blnk_Pbspkd is nanogran blank
-Pb in Pb-spiked aliquot 
1552 !
1556 SUBTRACTJLANK: ! Reiove blank-Pb contribution to observed ratios 
1560 Corr64^b206_co§pal/Hft206_coipal*81ank206)/DCcorr_unsp64-Blank204) 
1564 Corr67=Pb206~cwpal/((Pb206~CDipaHBlank206>/DCcorr~unsp67-Blank207) 
1568 Corr68*Pb206 coipal/<(Pb206 cD§paH-Blank206)/DCcorr unsp68-Blank20B) 
1572 RETURN 
1576 !
1580 BLAHK_TOO_HI6H: BEEP * PRINT "tit Pb-BLANK HUST BE <'jVAL$ <FNDHRU,25),3})j' n6 III* * PRINT 
1584 Pbblank.ng-Pbblank.ng/2 * R(I,25>=R(I,25)/2 9 GOTO 1480 ! Reduce blank-aiount by 1/2 
1588 !
1592 Pb 206208 only: ! «« Calculate CPbl using only 206/208 ratios »»
1596 IF NOCOHP AND RU,13)=0 THEN SOSUB CLUNK 9 PRINT 9 PRINT "tW ESTIHATED UNSPIKED 206/208 HUST BE ENTERED IW 9 
PRINT * PRINT 9 GOTO 1108
1600 IF HOCOHP THEN R(!,10)-RU,16) 9 R(I,12)=R(I,18) 
1604 Corr68=ABS (DCcorr_unsp68)
1608 ! Pb206_coipal=Estiiated loles of saiple 206 in Pb-unspiked aliquot (or spiked aliquot if there is no unspiked sali 
quot)
1612 Pb206_coipal-(Pbttnspkd_al_equiv/Pbspkd_al_equiY4-(Pbunspkd_al_equivM)}}t(DCcorr_spkd68t(Spike2084-Blank208)-Spike206- 
Blank206)/il-DCcorr_spkd68/Corr6B} 
1616 Test68=Corr68 ~
1620 IF HOCOHP THEN 1632 ELSE 60SUB SUBTRACTJLANK 
1624 IF ABS (Test68/Corr68-l)>l/NE9 THEN 1612 ! Convergence test on 6/8 
1628 IF Corr64<= 0 THEN 1580 ELSE PBERRORS
1632 Corr67=Pb206_coipal/{(Pb206.coapaUBlank206fSpike206)/DCcorr.spkd67-Blank207-Spike207) ! Corrected saiple 206/207 ( 
no Pb-unspiked data)
1636 Corr64-Pb206 coapal/((Pb206.co^anBlank206fSpike206)/DCcorr spkd64-Blank204-Spike204) ! saw for 206/204 
1640 GOTO 1628 
1644 !
1648 Calculate.205spiked.Pb.conc: ! calculate [Pb] for Pb-205 spiked aliquot
1652 Saaple206^Spike205pgtRa,6> * Pb20i_coipal=Satple206t(DCcorr_spkd65-Spike65)-Blank206 ! Pb-205 spiked concentration 
calculation - [206] in Pbspiked-al

1656 Corr68=Pb206.cotpal/(Saiple206t(DCcorr_spkd65/DCcorr_spkd68-Spike65/Spike68)-Blank208} ! BLANK-CORH 6/8 
1660 Corr67=Pb206~coapal/(Saaple206t<DCcorr~spkd65/OCcorr~spkd67-Spike65/5pike67)-Blank207} ! ' '6/7 
1664 Corr64^Pb206~ci»pal/(Saiple206t(DCcorr_spkd65/DCcorr_spkd64-Spike65/Spike64}-Blank204} ! * ' 6/4 
1668 IF Corr64<- 0 THEN BLANK.TOO.HI6H
1672 PVAR_206= (DCcorr_spkd65ISaipfe206/Pb206.coipaltR(1,11)) A2*(Blank206/Pb206_coipalIPbblankjerr ) A2+Pbspike_conc.perrA 
2 ! VARI for Pb-206 concentration 
1676 R(I,10)=R(I,16) 9 R(I,12)=R(I,18) 9 R(I,14)=Ra,20) 
1680 !
1684 ! ««< Error it error-correlation calculation for Pb ratios I concentrations >»»
1688 PBERRQRS: &=Blank206/Pb206.cotpal 9 F=Blank207»Corri7/Pb206_co*pal 9 E=Blank204tCorr64/Pt>206_cotpal 9 6-Blank208ICo 
rr68/Pb206_co^»al
1692 ! D=biank-206/saiple-206 E=t>lank-204/sajple-204 
1696 ! F=blank-207/saiple-207 6=blank-208/5atple-208 
1700 PVAR.spkd68=RU,14> A2*4tPbdisc_errA2 ! VARI of spiked 6/8 
1704 WARJinspkd68=R{I,20) A2+4tPbdisc_errA2 «     unspiked   
1708 IF Pb.205spiked THEN 1748
1712 Total208^pike208tBlank208 9 Total68-(Spike206+Blank206)/Total208 
1716 VAR.Blank206»(.01IPbblankj>err$Blank206) A2 ! VAR of blank 206 awunt
1720 VARJlank68=((Blank64err/Blank64) A2i-(Blank84err/Blank84}A2*2IBlank6484.rhotBlank64err/Blank64IBlank84err/BIank84}tB 
lank68A2 ! VAfi of blank 206/208
1724 V6=((Corr68-Total68}JDCcorr_5pkd68/((Corr68-DCcorr.5pkd68}t(DCcDrr_5pkd68-Total68))} A2tPVAR_5pkd68MDCcorr.5pkd68/( 
Corr68-DCcorr.spkd68}) A2tPVAR.unspkd68
1728 ! V6 is [206] VARZ, not including contr. froi blank-Pb or Spike uncertainties 
1732 A*<Corr68/(Corr68-DCcorr_spkd68)} A2 
1736 Vb=At(VAR Blank206/Total208A2t(Blank206/Total208A2/Blank68) A2l(VAR.Blank206tBlank206A2tVAfi Blank68))!10000/Pb206_co
 paltSpike208A2
1740 ! Vb is £206] VARZ contribution frot blank-Pb uncertainties



1744 PVAR_206*V6+Vb+Pbspike_conc_perrA2 ! VARI of Pb-206 concentration 
1748 V64=R(I,10> A2 !   " of ran 6/4 (uncorr. for blank or discrimination) 
1732 V67*R(I,12) A2 !   ' " 6/7 
1756 V68=RU,14) A2 ! " " " 6/8
1760 PVAR_64=(l+E} A2tV64+(EtBlank64perr} A2+(D-E) A2tPVAR_206+((E-D)tPbblank_perr) A2+((2+2tE}JPbdi5C.err) A2 ! VARI of blan 
k & discrii.-corr. saiple 206/204
1764 A* <1+E) A2tV64+(1+F) A2tV67*((F-E)tBlank64perr) A2HFtBlank74perr) A2t(F-E) A2tPVAR_206
1768 PVAR.74=At((E-F}tPbblank_perr) A2-2tFt(F-E)tBlank6474.rho«lank64perrtBlank74pBrr*((3*2tE*F)tPbdisc_Brr} A2 ! ditto, 
207/204
1772 As(l+E) A2IV64+(l*S) A2$V68+((E-6}tBlank64pBrr) A2t(StBlank84perr} A2*(E-S) A2tPVAR_206
1776 PVARJ4=AtUE-S)tPbblank_perr) A2-2tSt(B-E)$Blank64perrtBlank84perr«lank6484_rho+((4t2tEt2$6)tPbdisc_err)A2 ! ditto 
, 208/204"
1780 A=U+E} A2IV64-Et(F-E)tBlank64pBrrA2+(D-E}t(F-E)tPVAR_206+(E-D)t(E-F)tPbblank_perrA2
1784 RhoJetaAlpha=(At(3t2tEtF}t(2t2tE)tPbdisc_errA2tEtFtBlank6474_rhotBlank64perr$Blank74perr)/SfiR (PVAR_64tPVARJ4) ! 
Rho for true saiple 207/204-206/204
1788 A=(1t£) A2tV64tE$(E-G)tBlank64perrA2+(D-£)$(6-E)$PVAR_206+(D-E)t(6-E)tPbblank_perrA2
1792 Rho 6aMaAlpha-(Ai(2>2tE}t(4^2tE*2IS)tPbdisc.errA2fEl6tBlank64perrt81ank84perrtBlank6484.rho)/SOR (PVAfi_64tPVAR_34) 

! ditto, 208/204-206/204
1796 Holesp9_206^Pb206.coapal/FNAliq(Pbunspkd_al_equiv,Pbspkd_al_equiv) ! aoles 206 per grai 
1800 P=Holespg_206
1804 Pbgraisj>er_grai=A»206tP>AM207tP/Corr67^A)l208tP/Corr68^AH204tP/Corr64
1808 CPb_ppi-AtUt CPbtNE6tPb206.coipal/(CPb_if204tCorr64lfMAliq(Pbunspkd_al_equiv,Pbspkd_al.equiv}} ! ppi coiion Pb 
1812 PVAR.67=PVAR_64+PVAR_74-2tRhoJetaAlphatSQR (PVAR_64tPVAR_74) ! 6/7 VARI 
1816 PVAR_68=PVAR_64*PVAR_84-2tRho"6ai§aAlphatSQR (PVAR_64tPVAR_84) ! 6/8 VARI 
1820 P(I,29>=FNDr?SQR (PVAR_64),3) ! 6/4 err, to 3 signif. figs 
1824 P(I,30)sFJ«>r(SQR (PVAR 74),3) ! 7/4 ' ' ' ' 
1828 PU,31)=FNDr(SQR (PVARJ4>,3) ! 8/4   " " " 
1832 P<I,32)=Rho_8etaAlpha ! Error-correlation between 6/4 & 7/4 
1836 P(I,28)=FNDr(SQR (PVAR_206),3) ! [206] err, to 3 signif. figs 
1840 P<I,27>=FNDr(SQR (PVAR~206+PVAR_64},3) ! ditto [2043 err 
1844 P(I,33)=Rho_6awiaAlpha ! Error-correlation between 6/4 It 8/4 
1848 PfI,4}=ttE6tPbgraisj>er_graa ! ppi Pb 
1852 PU,8)=Corr64 ! Blank- & di serin nation-corrected 206/204 
1856 P(I,5}=FNDr<CPb_ppi,4) ! ppi cowon-Pb, rounded to 4 signif. figs 
I860 P(I,9)=Corr64/Corr67 ! Blank i discriiination-corrected 206/207 
1864 P(I,10)=Corr64/Corr68 ! ditto, 206/208 
1868 P(I,6)=NE9tHolespg_206 ! nanowles Pb-206 per graa
1872 PRINT TAB (9)j'Pb-Unspiked Aliquot, Corrected for ";VAL* (FNDr(R(l,25),2});^/-*;VAL$ (FNDr(.01tPbblank_perrtRU f 25 
),2))j' n6 Pb-Blank,  
1876 PRINT TAB (15);'and ';VAL$ (Pbdisc);'*/-'5VAU (Pbdisc.err); 1 I/a.i.u. Nass-Discriaination* 9 PRINT 
1880 PRINT " 206/207'jTAB (18);'206/208';TAB (32);'206/204 ;TAB (47);"207/204"jTAB <62);"208/204" 
1884 PRINT TAB (2);FNDr(Corr67,5);TAB (17};FNDr(Corr68,5);TAB (31};P(I $ 8);TA8 (46);P(I,9);TAB (61);PU,10) 
1888 PRINT " "4FNERfl*<PVAR_67);TAB (17);FNERR$(PVAR_68);TAfl (31);FNER$(P(I,29)); 
1892 PRINT TAB (46>;FMER*(Pf!,30)>;TAB (61);FNER$(Pa f 31)) 9 PRINT
1896 PRINT " Error-Carrels: 207/204-206/204=";VAL$ (P(I,32));" 208/204-206/204*";VAU (P<I,33» 9 PRINT 
1900 IMAGE 26X,"Holes Pb Per Brai:",/,4X,"206" f 12X,"207",12If "208i ,12I,'204%in,"TOTAL- ,/,5(0.5DE,3X) 
1904 P*«olespg,206
1908 PRINT USIN6 1900 ; P,P/Corr67,P/Corr68,P/Corr64,P+P/Corr67+P/Corr68+P/Corr64 
1912 PRINT " "4FNEW<P(I,28)) 
1916 IF Pb68_only AND NOT Pb_205spiked THEN 1924
1920 PRINT * PRINT FNDr(1000ICPbj>patFNAliq(Pbunspkd al.equiv,Pbspkd_al.equiv),2);" n6 CoMon-Pb in Unspkd AI.    ("&V 
AL$ <FNDr<CPbj>pi,3))t" PPH)"
1924 PRINT * PRINT FNL$(Pbgrais-per_grai)j" Total Pb =";FNBr(FNH<Pbgra»s_perjrai),5); 
1928 IF Pb68_onlyil THEN PRINT " Pb-Spiked Aliquot Blank =";FNDr(Ng.blnk.Pbspkd,2);"n6'; 
1932 PRINT 
1936 !
1940! tmmmtmm CALCULATE ujh CONCENTRATIONS IERRORS unmmmnn
1944 U.Th.CONC: IF R(I,7)JR(I,21)=0 THEN DONE ! if not spiked for U-Th or no ratios
1948 Uspkd_equiv=Pb5pkd_al.equivt(R(I,5}>0)f(R(I,5)<= 0)JR(I,2) ! Ht of sample spiked with U & Th spike
1952 Fract.corr85=R(I,21)tUt.03tUdisc) 9 Fract_corr20*RU,23)tU*.02!Thdisc)



1956 Holes238_spkdal=R(I f 7)tSpike235pg$<Fract_corr85-Spike238235)/(l-Fract corr85/Nat Uratio)-4.171E-!2IR(I,26)JBlank iu 
It ! (2381 in U-spiked aliquot
i960 Manograi5U_5pkdal=Holes238.spkdall(l-H/Mat_Uratio)tAtWt.UIME9
1964 Hoies232_spkdal=(R U, 23) f 0) t (R (1,8) tSpike230pgt(Fract _corr20-(Spike232230+(Spike232230=0)))-R(1,27)/NE9/232IB1ank.i 
ult) ! [ThJ in U/Th-spiked aliquot 
1968 NanograisTMpkdal=Holes232_spkdaltAM_ThtNE9
1972 P(I,3),PpiTh=NE6KJtole5232_spkdallO)tAtiit_TMMoles232_spkdal/Uspkd equiv 
1976 PU,2),PpiU=NE6*AW_UI<Holes23B_spkdal+Holes238_spkdal/NatJJratio)/Uspkd_equi v 
1980 ! Errors I error-correlations - U-Th cones & U-Th/Pb-204 ratios 
1984 IF Pb_205spiked THEM Pbspike_perrsPbspike_conc_perr ELSE Pbspike_perraPbspike_conc_perr 
1988 PYA»jJs<NatJlratio/(NatJIratio-Ra,21))r2tR(I^ 
/NanograisU_spkdal) A2 ! VAfifof [Ul 
1992 IF PpiflFO THEM PVAR Th=0 9 GOTO 2004
1996 PVARJh=R(I,23)/(R(I,23)-l/(Spike232230+(Spike232230=0))) A2tR(l,24) A2*(2tThdisc_err) A2+Spike230pg_perrA2 ! Ditto, 

CTh]
2000 PVAR Jh*PVAR_Th+ (. 01 tThbl ankjerr IR (1,27) /ME9/Manogr aisTh_spkdal) A2 
2004 IF R(I,6)=0 THEN 2076
2008 P(I,21)=Holes232_spkdalJCorr64/Uspkd_equiv/HolespgJ!06 ! 232/204
2012 PVARl_206=PVAR_206-Hixed_spiketPbspike_conc_perrA2 ! don't include spike-concentration uncertainty for Pb/U ratios 
if a lined Pb-U-Th spike
2016 PVARlJJ=PVARJJ-Hixedj5piketSpike235pg_perrA2 ! ditto 
2020 PVARlJlFPVARJh-Hixed spiketSpike230pg_perrA2 ! ditto
2024 PVAR_Jfu^64ta%E) A2t{EMlank64perr) A2tPVARlJ06l(ltE) A2t<£tPbblank_perr) A2t(i2*2$E)tR)disc_err)A2+f>VAR!.U ! varl in 

238/204
2028 P(I,39)*FMDHSQR (PVAR_Hu),3) ! lerror in Nu
2032 A=V64t(l+E) A2t(EtBlank64perr) A2-U+E)l(0-E)tPVARl_206+Et(E-D)IPbblank_perrA 2 
2036 PU,41)MAt2t(l*£)tPbdisc_errA2)/SQR <PVAR_64tPVAR-Hu) ! error-correl. 206/204-238/204 
2040 A=V64t(ltE) A2+Et(F-E)tBlank64perrA2-(H-E)t'(F-E)tPVARl_206fEt(E-F)tPbblankjerrA2
2044 P(I,42}=(At2t(3f2tE+F)t(H-E)$Pbdisc.errA2-EtFtBlank6474.rhotBlank64perrlBlank74ptrr)/SQR tPVAR^IPVAR^) ! error- 
correl. 207/204-235/204 
2048 IF PpiTh=0 THEM 2068
2052 PVAR_Th204=V64t(l+E) A2+<EtBlank64perr) A2+(l+E) A2tPVAR1.206+<EIPbblankjerr) A2*<(2*2tE)tPbdiBC err)A2+PVARl.Th ! vi 
rl in 232/204
2056 P(I,40)sFM0r<SQR IPVAR_Th204),3) ! Xerror in 232/204
2060 A=(1+E) A2tV64*Et(B-E)tilank64perr*2-(1*E)t(6-E)tPVARl_206*Et(E-B)IPbblank.perrA2
2064 P(I,43)=(A^4+2tE+2l6}l(2+2IE}JPtdi5C_errA2-£t6lBl^k6474_rholBlank64perrtBlank84Perr)/SQR (PVAR_Th204tPVAR_84) ! 
error-corr. 208/204-232/204
2068 P(I,19),Nu=Holes238 spkdaltCorr64/Uspkd eqitiv/ftolespg.206 9 PU,20)*Ku/NatJJratio ! 238/204,235/204 
2072 !
2076 PRINT RPT* C-%80) t PRINT  238/235si jR(I,21);'*/-'jR(I,22);'I'; 
2080 IF PpiTh THEN PRINT TAB (37);'232/230=';R(I,23);'+/- ll ;R<I,24);'Zi j 
2084 PRINT * PRINT R(I,26);'nS U-Blank, *;« IF Pp«Th THEN PRINT R(I,27);'n6 Th-Blank'; 
2088 A=R(I,3)I(R(I,S}<= 0)+fl(I,5)l(R(I,5)>0)
2092 IF All THEN PRINT USING '8X,3(K),2/- j 'U-Th SPIKE0-AL.« %A,' Brais' aSE PRINT USIN6 '2/' 
2096 IHABE 23X,"238% 12X,"235', 12X,"232%/,'Holes Per 6rai:%5If 3(D.4DE,4X),/
2100 PRINT USIN6 2096 ; Holes238.spkdal/Uspkd.eqttivlHDles238_spkdal/Uspkd.equiv/Nat.Uratio,Noles232_spkdal/Uspkd_eqoiv 
2104 P(I,25)=FNDr(SSR (PVAR_U»,3) ! lerror in «J]
2108 PRINT TAB (4);FNDr(FNfl(Pp»U/NE6),5);TAB (12);FHL$(PpiU/ME6);TAB (U);'Uraniui';TAB (30};'ClFNER$(P<I,25))f> 1' 
2112 IF NOT PptTh THEN 2128
2116 PU,26)=FNDr(SQR {PVAR.Th),3) ! lerror in [Th3
2120 PRINT TAB <4};FNDr<FNH?PpiTh/NE6),4};TAB fl2);FNL$(PpiTh/NE6>;TAB (16);'Thoriui';TAB (30);'('&FNER$(P(I,26})C)'; 
2124 IF Ppiil AND PpiTh THEN PRINT TAB (51};'Th/U=';FHDr<PptTh/PptU,4) ? PRINT ELSE PRINT 
2128 IF RU,6)=0 THEN 2148
2132 PRINT ^S^^'jPd,!^,' 235/204=';P(I,20);TAB (51)j'CW:NER$(Pa,39))f) i 
2136 IF PpiTh THEN PRINT '232/204=';P(1,21);TAB <51);»f'IFNER*<PU,40M")' 
2140 PRINT 9 PRINT "Rho(U/4-6/4)=';P(l,41);' Rho(U/4-7/4)=';PU,42); 
2144 IF PpiTh THEN PRINT ' Rho(Th/4-8/4)=';Pa,43)j 
2148 PRINT 9 PRINT RPTI {'-',80) 
2152 IF NOT Init64 THEN DONE 
2156 !



2160 ! mm* Calculate radiogenic-Pb isotope ratios and errors WWttWW
2164 !
2168 !
2172 Rad206=Holespg_206t(Corr64-Init64)/Corr64 « Rad207=Holespg_206t(l/Corr67-Init74/Corr64) 9 Rad208=«olespg_206tU/Cor
r68-Init84/Corr64)
2176 RadsaiplejrtsFNAliq(Pbun5pkd_al_equiY,Pbspkd_al_equiY)
2180
2184
2188
2192
2176

Dl=init-206/rad-206 D2*total-206/rad-206 D3=blank-206/rad-206
El=total-204/initial-204 E>blank-204/initial-204
Fl=init-207/rad-207 F2=total-207/rad-207 F3=blank-207/rad-207
Sl=init-208/rad-208 62=total-208/rad-208 B3=blank-208/rad-208

2200
2204 Dl=Pb206_coipaltInit64/(Corr64tRad206IRadsatplejrt) 9 D2=(Pb206_coipaHBlank206)/(Rad206*Radsatplejit) 9 D3-Blanfc20
6/(Rad206tRadsaiplej»t)
2208 F!=lnit74tPb206.coipal/(Corr64tRad207IRadsaiple.Mt) 9 F2=(Pb206_coipal/Corr67tBlank207)/(Rad207tRadsaiplejrt) 9 F3=
Blank207/(Rad207*Radsaiple_»t)
2212 ElMPb206_CDipaltBlank204tCorr64)/Pb206_coipal 9 E2*Corr64tBlank204/Pb206_CDtpal
2216 61=Init84tPb206_coipal/(Corr64tRad208tRadsaiplej»t)
2220 62=<Pb206_CDipaf/CDrr68tBlank208)/(Rad208tRadsaiplejrt) 9 63=81ank208/(Rad208tRadsaiplejrt} 9 PVAR_208232=0
2224 V64*R(I,10) A2+(2*Pbdisc_err) A2 9 V67=R(I,12) A2+Pbdiscj»rrA2 9 V68=R(I,14) A2*<2tPbdisc_err) A2 ! Ivar for raw 6/4,6/7
,6/8, incl iass-disc. error
2228 PVAR.206238=(DltEl} A2IV64t(81IE2tBlank64perr) A2t<DltInit64perr) A2+(D2-DltEl) A2tPVAR1.206t((D3-01tE2)tPbblank_perr) A
2*PVAR1_U
2232 PU,34)=FMDr<SQR (PVAR_206238),3) ! lerror in radiogenic 206/238
2236 A=(FUEl} A2tV64t((F3-Fl>E2}>Blank64perr} A2t(FllInit74perr) A2tF2A2>V67t(F3tBlank74perr) A2HF2-FltEl} A2tPVAR1.206
2240 PVAR.207235=A+((F3-Fl>E2)tPbblank_perr) A2tPVARl_U-2tF3t(F3-FltE2)IBlank6474.rhotBlank64perrtBlank74perr
2244 P(!,35)=Flfl)r(SQR (PVAR.207235),3)~! Zerror in radiogenic 207/235
2248 IF R(I,8)=0 OR R(I,23)=0 THEN 2264 ! if not spiked with Th or no 232/230 data
2252 A=<61tEl) A2IV64M(63-61tE2)tBlank64perr) A2t(61tInit84perr} A2t62A2tV68t(B3tBlank84perr) A2*(62-61tEl} A2tPyARl_206
2256 PVAR.208232=A+((S3-6UE2}tPbblank_perr) A2tPVARl_Th-2l63t(63-61tE2)tBlank6484_rhotBlank64perr>Blank84perr
2260 P(I,38)=FNDriSfiR (PVAR_208232),3) ! Zerror in 208/232
2264 A=01tFltEl A2tV64-Dl>E2t(F3-FltE2)tBlank64perrA2*iD2-DltEl)>(F2-Fl>El)tPVARl 206+(D3-DltE2)t(F3-FllE2)tPbblank perrA
2
2268 COV=A+PVARl.U+&liFl*Init6474 rt)olInit64perrtInit74perr^DltF3tE2tBlank6474 rho$Blank64perrtBlank74perr ! COV<206/238
,207/235)/((206/238)t(207/235))
2272 PVAR_207206=PVAR_206238*PVAR_207235-2ICQV 9 P(I,36)=FMDr(SQR (PVAR_207206),3) ! VARI t Zerror in radiogenic 207/206

2276 P(!,37)=COV/SQR (PVAR_206238tPVARJ07235) ! Error-correlation for 206/238-207/235
2280 P(I,ll),Rad206238=Rad206tUspkd.equiY/Holes238.spfcdal 9 P(I,12),Rad20723^Rad207tUspkd_equivtMat_Uratio/noles238_spk
dal ! radiogenic 206/238,207/235
2284 P(I,13),Rad207206=Rad207/Rad206
2288 IF PpiTh TIEN P(l,14),Rad208232MJspkd_eqttivtRad208/Holes232_spkdal ELSE P(I,I4),Rad208232=0
2292 ! Pb/U AND Pb/Th APPARENT-ABES
2296 IF Rad206238)-l THEN P<I,15)=LD6 (H-Rad206238)/Laibda238 aSE P(I,15),Rad206238=0 ! Pb206/U238 age
2300 IF Rad207235)-l THEN P(I,16)=L06 (HRad207235)/laibda235 ELSE P<I,16),Rad207235=0 ! Pb207/U235 age
2304 IF Rad208232)-l AND Rad208232<.5 THEN P(I,18)=L06 <H-Rad208232)/Laibda232 ELSE P(I,18),Rad208232=0 ! Pb208/Tn232 ag
e
2308 !
2312 ! Calculate 207/206 age
2316 !
2320 IF Rad207206<.0156 THEN P(I,17),Age207206*-50000 9 GOTO 2368
2324 ! Can't calculate a 7/6 age for 7/6(.0156, so assign default age of -50000
2328 IF Rad207206>6 THEN P(I,17},Age207206*99999 9 60TO 2368
2332 Ti=3000t(S6H (-U/2)+(Rad207206>Laibda235/(Laibda238tNatJJratio}}}+(Rad207206>.7)) ! Choose initial estimate of a
ge- either -3000 Ha or +3000 Ha
2336 F=Laibda238/Laibda235tEXP (Tlt(Laibda238-Laibda235))
2340 A=1+(EXP (TltLaibda238>-l-Fi(EXP (TltLaibda235)-l))/(l/(Nat.UratiolRad207206)-F)
2344 IF A<=0 THEN P( 1,17),Age207206*0 ? 60TO 2368
2348 P(I,17),Age207206-L06 (A)/Laibda235
2352 IF ABS (Age207206-TlK.001 THEN 2368 ELSE Tl=Age207206 9 60TO 2336



2356 !
2360 !            Printout radiogenic-Pb results        
2364 IHABE 'Radiog,enic-Pb',8X,'206*', 12X,'2Q7t', 12X,'208*',/,'Holes Per 6ra§:',3X,3(D.4DE,5X),/
2368 PRINT USING 2364 ; Rad206,Rad207,Rad208 9 PRINT
2372 PRINT 'Initial-Pb: 6/4=';VAL$ (Init64);' */- ';VAL$ (Init64err);TAB (43);'7/4='j
2376 PRINT VAL$ (Init74);' */- ';VAL* (Init74err) 9 PRINT TAB (15);'8/4»';VAL$ (Init84);' */- ';VAL$ (Init84err);
2380 PRINT TAB (43);'RHO(6/4-7/4) =';Init6474 rho 9 PRINT
2384 PRINT TAB U6);'206/238';TAB <32);'207/235';TAB (47);'207/206';
2388 IF P(I,14) THEN PRINT TAB (61);'208/232' aSE PRINT
2392 PRINT 9 PRINT 'RATIOS:';TAB <15);P(I,11);TAB (31);P(I,12);TAB (46);P(I,13);
2396 IF PU,14) THEN PRINT TAB (60J;P(I,14) ELSE PRINT
2400 PRINT 'ERRORS:';TAB <17);VAL$ (PU,34M'Z';TAB (33);VAL$ (P(I,35WI';TAB <48);VAL$ (P(I,36))i'Z'j
2404 IF PU,14) THEN PRINT TAB (62);VAL$ (P(I,38WZ' ELSE PRINT
2408 PRINT 'ABES (Ha):';TAB (16);P(I,15);TAB <32);P(I,16);TAB (47);P(I,17>;
2412 IF P(I,14) THEN PRINT TAB <61);P(I,18) ELSE PRINT
2416 PRINT 9 PRINT 'Rho (207/235-206/238) *';P(I,37)
2420 IF KYBRD THEN DONE
2424 IF PU,2) THEN P(I,22)=R(I,28)/P(I,2) ! BETA eU/U
2428 IF P(I,2) THEN P(I,23)=R(I,29)/P(I,2) ! 6AHMA eU/U
2432 PU,24)=R(I,30) ! ! BETA/6AHHA
2436 DONE: PRINT RPTf Ct',30)
2440 !
2444 ! msmsmmsmsssmt END CALCULATIONS mmisimtsmmmmim
2448 IF Printer THEN PRINT 9 PRINT
2452 IF KYBRD=Q THEN 60TO NEITSAHPLE ELSE 6QSUB HHOOP 9 DISP 9 DISP 'PRESS 'iCTIi' TO CONTINUE.' 9 PAUSE
2456 CLEAR 9 SOTO CHOOSE
2460 !
2464 HARDCOPY: BEEP 9 Printer=l 9 PRINTER IS 701 9 DISP 'W PRINTED OUTPUT W 9 PRINT CHR$ (27)i'ikOS' 9 6QTO KLABa
2468 !
2472 DISaAY: BEEP 9 Printer=0 9 PRINTER IS 1 9 DISP '$$t CRT OUTPUT W 9 60TO KLABEL
2476 !
2480 KEYBOARD: BEEP * 1=1 9 KYBR9-1 9 CLEAR * SOTO KYBRDIHPUT
2484 !
2488 CHANBEPBO: BEEP * CLEAR 9 6QSUB INPUTPBO 9 CLEAR 9 6QTO KLABa
2492 !
2496 Pb.205: Pb_205spiked>l 9 BEEP 9 DISP 'tt SAMPLES SPIKED NITH A MIXED Pb205/U235/Th230 SPIKE tl' 9 60SUB TransferJa
bdata variables' 9 RETURN
2500 !
2504 Pb_208: Pb_205spike<J=0 * BEEP 9 DISP 'It SAHPLES SPIKED KITH A Pb-208 SPIKE 11$' 9 60SUB Transferjabdata.variables

9 Blank_iult=I 9 RETURN 
2508 ! 
2512 !
2516 DATAFILE: BEEP * OFF KEY! 9 CLEAR * SOSUB CONVERT 
2520 !
2524 DATAFILEINPUT: OFF KEYI * DISP 'SAMPLES TO BE REDUCED: FIRST [, LAST] (ALL)';? SOSUB RETRIEVE 
2528 IF UPC$ (AA$)='H' THEN SOSUB HELP_14 9 60TO DATAFILEINPUT 
2532 IF UPCS (AI)='ALL' THEN FIRSTSANPLE=1 9 LASTSANPLE=NSANPLES 9 60TO 2548 
2536 IF Ninputs=0 THEN CLEAR 9 6QTO CHOOSE 
2540 IF Minputs=l THEN FIRSTSA«PLE,LASTSAHPLE=AU) 9 SOTO 2548 
2544 FIRSTSAHPLE=A(1) 9 LASTSAHPLE=A(2) 
2548 SOSUB INPUTPBO 9 CLEAR 9 60TO START 
2552 !
2556 CLUNK: BEEP 110,40 9 BEEP 190,40 9 RETURN 
2560 !
2564 HHOOP: BEEP 100,40 * BEEP 70,40 9 BEEP 49,40 9 RETURN 
2568 !
2572 INPUTPBO: DISP USING '2/' 9 DISP TAB (12);'(Note errors are to be entered as absolute, not percent)' 
2576 DISP TAB U0);'(press 'iELtt' if you don't want any radiogenic-Pb data)' 9 DISP TAB (24);'(enter H for 
help)' 9 DISP 
2580 DISP 'INITIAL-Pb: 206/204 [, errJ, 207/204 C, err3, 208/204 t, err, Rho(6/4-7/4)3';« SOSUB RETRIEVE



2584 IF UPC$ (AA$)="H" THEH 60SUB HELP.13 9 GOTO 2572
2588 IF NinputsiO AND Ninputsi3 AND Ninputsl7 THEN 60SUB BADJNPUT 9 GOTO INPUTPBO
2592 IF Ninputs=0 THEN Init64,Init74,Init84,Init&4err,Init74err,Init84err,Init6474_rho=0
2596 IF Ninputs=3 THEN Init64=AU} 9 Init64err=0 9 Init74=A(2) 9 Init74err=0 9 Init84=A(3> 9 Init84err,Init6474_rho=0
2&00 IF Ninputs=7 THEN Init64=Ati) 9 Init64err=A(2) 9 Init74=A(3) 9 Init74err=A<4) 9 Init84*A<5) 9 InitB4err=A(6) 9 Ini 
t6474_rbo=A(7>
2604 IF Init6474_rho<0 OR Init6474_rho>l THEN 60SUB CLUNK 9 DISP * DISP "tilt CORRELATION MUST BE BETNEEN 0 AND 1 !S*t* 
* DISP * GOTO INPUTPBO

2608 RETURN
2612 !
2616 START: FOR I-FIRSTSAHPLE TO LASTSAHPLE
2620 IF R(I,2)=0 THEN NEXTSANPLE ! if no saiple weight, skip to next
2624 Trialnaie$=N*U)
2628 !
2632 ! Look for indicator of spike type in satple-naie.
2636 IF POS {N$(I>,'t8t') THEN Pb_205spiked=0 9 60SUB Transferjabdata_variables
2640 IF POS (N$(I},'t5n THEN Pb_205spiked=l 9 SOSUB Transferjabdata.variables
2644 !
2648 IF NOT Pb_205spiked THEN 60
2652 !
2656 ! tttm table conversion for Pb-205 spiked saiples tttttttl
2660 FOR J=l TO 30 * C(J)=R(I,J) 9 R(I,J)=0 9 NEXT J
2664 ! Transfer Ith row of R-array to C-vector & zero the Ith row
2668 !
2672 R(I,2)=C(1> 9 RU,6),RU,7},R(I,8)=C<2)
2676 ! saiple wt - col. 1, set U-Th spike »ts = Pb spike wts
2680 !
2684 IF C(3) THEN BIank.*ult=100/C(3) ELSE Blank_iult=l
2688 ! increase blanks according to Z loaded
2692 ?
2696 Rn,3),R<I,5)=l 9 R(I,4)=0
2700 ! set total It spiked-al »ts to 1, unspiked-al wt to zero
2704 !
2708 FOR J=15 TO 20 9 R(I,J)=C(J-11) 9 NEXT J * R(I,10)=C(10)
2712 ! Shift the Pb ratios up 11 colums, put 6/5 data in coluans 10-11
2716 f
2720 FOR J=21 TO 27 9 R(I,J)=C(J-9) 9 NEXT J 9 RU,11)*C(11) 9 GOTO 60 
2724 ! shift the U-Th ratios & all blanks up 9 colums
2728 !
2732 NEXTSAUPLE: NEXT I 
2736 60SUB WHOOP 9 60TO STOR
2740 !
2744! mmmtt STORE VISICALC STRINGS CONTAINING REDUCED DATA tttmmm
2748 !
2752 STOR: ALPHA 1 9 CLEAR 9 60SUB CLEARKEY 9 DISP USIN6 *3/' 9 ALPHA 21,44
2756 DISP 'TYPE OF DATAF1LE FOR REDUCED DATA?"
2760 ON KEYI 5,' VISICALC' 60TO 2788
2764 ON KEYI 6,' NUHERIC" GOTO 2792
2768 ON KEYI 1,' ESCAPE* 60TO CHOOSE
2772 KEY LABa
2776 !
2780 GOTO 2780
2784 !
2788 VISICALC-1 9 60SUB 2796 9 60TO 2804
2792 VISICALC-0 9 60SUB 2796 9 GOTO NUfOIC FILE
2796 OFF KEYI 9 DISP 'FILE-NAflE FOR REDUCEDHMTA FILE';? INPUT FILE!
2800 RETURN
2804 DISP -TITLE FOR REDUCED-DATA VISICALC TABLE';? LINPUT TABLES
2808 PUR6=0 9 ON ERROR GOTO PURG
2812 CREATE FILE*,CEIL ((2300+NSAHPLESt850>/256>



2816 OFF ERROR
2820 ASSI6NI 1 TO FILE!
2824 CLEAR 9 DISP 'CREATING VISICALC FILE....' 9 80TO 2848
2828 !
2832 DEF FNOIWCOLUflN) ! RETURNS VISICALC COLUMN-DESIGNATOR
2836 IF COLUWK27 THEN FNCLH$*CHR1 (64+COLUNN) ELSE FNCLK$-'A'tCHR1 (38+COLUMN)
2840 FH END
2844 !
2848 FOR I=NSAHPLES TO 1 STEP -1 ! CREATE & STORE DATA-CELLS
2852 ON ERROR 60TO 2888 9 L=LEH (N$(I)) 9 IF L=0 THEN 2888
2856 ON ERROR 60TO 2872
2860 FOR J=43 TO i STEP -1
2864 P=P(I,J)
2868 IF P THEN PRINTI 1 ; '>'*FNCLN$(J+2)WAL1 (I+5)i':'iVAL$ (P)&CHR* (13)
2872 NEXT J
2876 IF L>8 THEN L0=9 ELSE L<K
2880 IF L>9 THEN PRINTI 1 ; '>B'WAL$ (I+5)i':'*CHR* (34)«rNf(W10,LJiCHRf (13)
2884 PRINT! i ; '>A'«rVAL$ (I+5>&-:'lCHR$ <34HtN$(I)[l,LO]iCHR$ (13)
2888 NE1T I
2892 60SUB HEADIN6S
2896 L-LEN (TABLES) ! CREATE It STORE TITLE CELLS
2900 FOR I=CEIL (L/9) TO 1 STEP -1
2904 Tl=(1-1)19+1 9 T2=Tl+8 I IF T2>= L THEN T2=L
2908 PRINTI 1 ; '>'&CHR$ (65+I)«r'l:'«:HR$ (34)lTA8LE$[Tl,T2ttCHR1 (13)
2912 NEXT I
2916 RESTORE 2996
2920 ! CREATE i STORE VISICALC-STRUCTURE CELLS
2924 FOR 1=1 TO 5 ? READ VI? PRINT! 1 ; WCHRI (13) 9 NEXT I
2928 PRINTI 1 ; '/X'lCHRI (170)i'/X>Als>Al:/6P'*CHR$ (13)
2932 ASSI6NI 1 TO I 9 SDSU8 ttHOOP 9 DISP 9 DISP 'FILE CONVERTED AND STORED.' 9 60TO STOR
2936 !
2940 PURS: IF ERRN 163 THEN 2960 ! PURGE FILEiPACK DISK
2944 PUR6=HfUR6 i IF PUR6M THEN 2964
2948 PURSE FILES 9 A=POS (FILE$,':')+POS (FILE$,'.')
2952 DISP "PACKING DISK... 1 9 IF A THEN PACK FILEHAJ ELSE PACK
2956 IF VISICALC THEN 2812 ELSE 3344
2960 IF ERRN 1128 THEN 2972
2964 60SUB CLUNK 9 DISP 9 DISP "DISK DOESN'T HAVE ENOUGH FREE SPACE TO STORE THIS FILE.' * DISP 9 DISP 'REPLACE D
ISK AND PRESS 'fcCTS 9 PAUSE
2968 60TO STOR
2972 IF ERRN 1126 AND ERRN 189 THEN 2984
2976 DISP * BEEP 9 DISP 'INVALID FILENAME' 9 DISP
2980 IF VISICALC THEN 2788 ELSE 2792
2984 BEEP * DISP 'ERROR! ';ERRN ;' IN LINE'jERRL 9 PAUSE
2988 !
2992 ! DATA-LINE SPECIFIES PA6ESIZE 24, 9-CHAR. COLUHN-NIDTH, LEFT-JUSTIFIED
2996 DATA '/Nr,'/60C','/6RA','/6FL' f '/6C9'
3000 HEADINGS: ! CREATE VI STORE COLUMN-HEADING CELLS
3004 BATA 'Th/4-8/4i , iNu-Beta','Hu-Alpha',' lerr'," lerr',' Zerr',' 6/8-7/5',' lerr',' Zerr',' Zerr',' 6/4-8/4',
' 6/4-7/4',' Zerr',' *«T'
3008 IATA ' Zerr',' Zerr',' Zerr',' Zerr',' Zerr',' 6AHNA',' eU/U',' eU/U',' 232/204',' 235/204',' 238/204',' AGE
( y)',' AGEdy)',' AGEdy)'

3012 IATA ' AGEdy)',' RAD.',' RAD.',' RAD.',' RAD.',' CORR.',' CORR.',' CORR.',' RAN'/nflOLES/G',' Pb(ppi)',' Pb 
(ppi)",' Th(ppt)',' U(ppi)'
3016 DATA' (6) ','AHE',' SAMPLE N'," RHO',' RHO',' RHO'," 232/204',' 238/204',' 208/232',' RHO',' 207/206',' 207/ 
235',' 206/238',' RHO',' RHO' 
3020 BATA ' 208/204',' 207/204',' 206/204','[Pb-206]','COHH.-Pb',' [Th]',' tU3',' BETA/',' GAHHA',' BETA',",",",'
208/232',' 207/206',' 207/235' 

3024 DATA ' 206/238',' 208/232',' 207/206',' 207/235',' 206/238','208/204','207/204','206/204','206/204',' Pb-206',' CO



3028 RESTORE 3004
3032 FOR JM5 TO 1 STEP -1
3036 PRINTI 1 ; ">'iFNCLH$<J)4'5:/-='iCHR$ (13)
3040 NEXT J
3044 FOR KM TO 3 STEP -I
3048 FOR JM5 TO 1 STEP -1
3052 READ V« IF VS=" THEN 3060
3056 PRINT! 1 ; '>'&FNCLH$(J)WAL* (K)tVHHR* <34)*VttCHR* (13)
3060 NEXT J
3064 NEXT K
3068 RETURN
3072 END
3076 !
3080; tmtmtit CONVERT VISICALC RAW-DATA FILE TO NUMERIC ARRAY tmmmm
3084 !
3088 CONVERT: DISP 'Nate of the VISICALC file containing the ran data? (enter I to escape) 1 ;* INPUT FILES
3092 IF F1LES='»' THEN CHOOSE
3096 ON ERROR 60TO NRONGFILE 9 ASSI8NI 1 TO FILES 9 OFF ERROR
3100 CLEAR * DISP 'Converting raw-data VISICALC file...' 9 NSA«PLES=0
3104 FOR 1=1 TO 3150
3108 ON ERROR 60TO FINISH ! END SEARCH NHEN NO MORE STRINGS FOUND
3112 READI 1 ; VI* OFF ERROR
3116 IF POS (VS,"/-=') OR V«i,2J='/X" THEN FINISH
3120 IF V*El,13r>' THEN NEXTI
3124 A=1+PQS (VS,':') 9 ASCII=NUH <V«A,A])
3128 IF ASCII=34 OR ASCII=39 THEN A*HA ! If 1st label-char is ' or '
3132 6=LEN <V«AJ)-1 9 D=NUH (V«3,33) ! D=45 to 57 (0-9) OR 65 to 90 (A-Z)
3136 IF D>64 AND IK91 THEN F-l ELSE F=0 ! F=l IF 3rd CHAR IS A THRU Z
3140 IF F=0 THEN COLUKfMtUH (V$[2,23)-66 ELSE COLUWNHO
3144 IF F*0 THEN RQNN=VAL (V$[3])-5 ELSE RONN=VAL (V$C43)-5
3148 IF ROWK1 THEN NEXTI ' PASS IF PART OF TABLE-HEABIN6S
3152 IF COLUNN>0 THEN EXTRACT.VALUE
3156 IF COLUHN=0 THEN H=9 ELSE H*0
3160 N$(RO*N)El*H,9*HMS[A,A+6-U ! EXTRACT SAHPLE-NAME
3164 60TO NEXTI
3168 EITRACT.VALUE: ON ERROR 60TO NEXTI ! EXTRACT NUMERIC VALUE OF CELL
3172 RtRIWN,COLUMN)*VAL (VtCAl)
3176 NEXTI: NEXT I
3180 OFF ERROR
3184 FINISH: CLEAR 9 ON ERROR GOTO 3236
3188 FOR 1=1 TO 100
3192 ON ERROR GOTO 3236
3196 IF N«(I)«" THEN 3236
3200 DISP T;I;TAB (8);WU)
3204 ON ERROR GOTO 3232 ! ZERO UNDEFINED ELEMENTS OF ARRAY
3208 FOR J=l TO 30
3212 A*R(I,J)
3216 NEXT J
3220 OFF ERROR
3224 NEXT I
3228 GOTO 3236
3232 R(I,J)«0 9 GOTO 3216
3236 IF !<10 THEN N$(I)=" 9 GOTO 3200 ELSE NSAHPLES=M
3240 IF NSAHPLES-0 THEN ILLEGALFILE
3244 OFF ERROR * SflSUB WHOOP 9 DISP 9 DISP 'VISICALC FILE ';FILE$;' CONVERTED.' 9 DISP 9 DISP 9 Datafile=l
3248 RETURN
3252 !
3256 HR8N6FILE: 60SUB CLUNK 9 CLEAR * DISP 'File 'USiFILEttQSf isn't on the specified disk.' 9 DISP
3260 DISP 'Put in the correct disk if necessary, and enter the file naie again.' 9 DISP 9 DISP * GOTO CONVERT
3264 !



3268 ILLE6ALFILE: CLEAR * 60SUB CLUNK ? DISP -There isn't any data in file 'WttFIL£$4Q$ 9 DISP
3272 DISP 'Press 'iCTtt* when you are ready to retry.' 9 PAUSE 9 60TO CONVERT
3276 !
3280 VISICALC: BEEP 9 CLEAR 9 DISP 'LOADIN6 VISICALC..."
3284 ON ERROR BOTO 3292
3288 LOADBIN 'VZCALC:D700* 9 VC
3292 OFF ERROR 9 IF ERRN =19 THEN VC ELSE ON ERROR GOTO 3300
3296 LOADBIN 'VZCALC:D701' 9 VC
3300 OFF ERROR 9 CLEAR * 60SU8 CLUNK
3304 DISP 'Neither disk drive contains the VISICALC prograi.' f DISP * DISP 'Press '&CTU* Nhen a VISICALC-con
taining disk is in one of the drives.*
3308 PAUSE * 60TO VISICALC
3312 !
3316 NUHERIC.FILE: NS=0 ! CREATE NUHERIC DATA-FILE FOR REDUCED DATA
3320 CLEAR 9 DISP 'CREATIN6 NUHERIC DATA-FILE "iFILEtt" ....'* DISP
3324 ON ERROR 60SUB 3380
3328 FOR 1=1 TO NSAHPLES
3332 IF PU,1) THEN NS=NS+1
3336 NEXT I
3340 PUR6=0 9 ON ERROR 60TO PUR6 * CREATE FILE$,NS,390 * OFF ERROR
3344 CREATE FILES,NS,390 9 OFF ERROR
3348 ASSI6NI 1 TO FILE! 9 J=0 9 ON ERROR 60SUB 3380
3352 FOR 1=1 TO NSAHPLES
3356 IF P(I,1)=0 THEN 3364 ELSE JsJ+l
3360 HAT X=P(I,)9 PRINTI 1,J ; N$(I),XO
3364 NEXT I
3368 OFF ERROR
3372 CLEAR 9 60SU8 MHOOP 9 DISP 'NURERIC DATA-FILE "iFILEtt" STORED. PRESS *iCT*** TO CONTINUE.' I ASSIGN! 1 TO

S 9 PAUSE 
3376 GOTO STOR 
3380 RETURN 
3384 !
3388! tmtmtmtttmmmtmmmmtmmmmmmmmmmm
3392 !
3396 Labdatafile: ! Access/edit/redefine datafile containing
3400 ! spike, blank, t lass-discr. data
3404 CLEAR 9 60SUB CLEARKEY 9 DISP 'PRESS KEY TO CHOOSE WHICH PART OF THE LABDATA FILE TO DEFINE/EDIT.* f DISP 9 DISP * 
Newfile=0

3408 !
3412 ON KEY! 1,' ALL' 60TO ALL
3416 ON KEYI 3,'Pb208Spike' GOTO 3572
3420 ON KEY! 4,'Pb205Spike" 60TO 3576
3424 ON KEYI 5,'U235 Spike* 60TO 3580
3428 ON KEYI 6,'Th230Spike* 60TO 3584
3432 ON KEYI 7,*Hass Discr' GOTO 3588
3436 ON KEYI 3,' Blanks* GOTO 3592
3440 ON KEYI 9,'Store File' 60TO 3560
3444 ON KEYI 10,'Print File* 60TO Print.labdatafile
3448 ON KEYI 11,' ESCAPE* GOTO CHOOSE "
3452 ON KEYI 12,' NEW FILE* 60TO NEHFILE
3456 ON KEYI 13,'CHAN6ENAHE* GOTO 3600
3460 ON KEYI 14,' HELP* GOTO HELP.2
3464 KEY LABEL
3468 BOTO 3468
3472 !
3476 ALL: ! define a complete nn Labdata file
3480 OFF KEYI 9 CLEAR
3484 DISP 9 DISP 'Is this new Labdata File to be the net* Default Labdata File (Y/N)?' 9 60SUB YE5NO
3488 IF YES THEN feN_default_labdata-l * Labdataf=*DefLab* ELSE Ne*_defaultjabdata=0
3492 Pb208$=** 9 HAT Pb208=ZER



3496 DISP * DISP "Do you Nant to define a Pb-208 spike (Y/N)?' * 60SUB YESNO
3500 IF YES THEN 60SUB Pb208_spike
3504 Pb205$=" 9 HAT Pb205=ZER
3503 DISP 9 DISP 'Do you want to define a Pb-205/U-235/Th-230 spike (Y/N)?" 9 60SUB YESNO
3512 IF YES THEN BOSUB Pb205_spike
3516 U235$s" 9 HAT U235=ZER
3520 60SUB U235_spike
3524 DISP 9 DISP 'Do you want to define a Th-230 spike? (Y/N>* 9 60SUB YESNO
3528 Th230$*" 9 HAT Th230*ZER
3532 IF YES THEN SOSUB Th230.spike
3536 SOSUB Hassjiiscriiination
3540 SOSUB Blanks
3544 IF NOT NewjlefaultJabdata THEN SOSUB Labdataj»aie
3548 SOSUB Store.labdatafile
3552 GOTO Labdatafile
3556 i
3560 60SUB StoreJabdatafile * GOTO Labdatafile
3564 NEHFILE: Ne*file=l 9 GOTO 3596
3568 ! ON KEY! branches
3572 SOSUB Pb20B_spike 9 60TO Labdatafile
3576 SOSUB Pb205.spike 9 6010 Labdatafile
3580 60SUB U235_spike 9 60TO Labdatafile
3584 SOSUB Th230_spike * 60TO Labdatafile
3588 SOSUB HassjJiscriiination 9 60TO Labdatafile
3592 60SUB Blanks * 60TO Labdatafile
3596 60SUB Read.labdatafile 9 60TO Labdatafile
3600 SOSUB Labdatajaie * 60TO Labdatafile
3604 !
3608 Labdata_na*e: ! edit naie of labdata file
3612 DISP 9 DISP 'Naie for this Labdata File? «=10 characters, use ';9*;'t*;Q«;' for Default UbdataFile)'j* INPUT La
bdatat
3616 IF Labdata*=T THEN Labdata*-*DefLab'
3620 BEEP * RETURN
3624 !
3628 Pb208_spike: OFF KEY! ! Enter data for a Pb-208 or Pb-206 spike
3632 CLEAR * DISP 'Naae for Pb-208 spike';? INPUT Pb208$
3636 BISP * DISP 'Is this spike fixed with a U-235 spike? (Y/N)' 9 60SUB YESNO
3640 IF YES THEN Pb208U)=l ELSE Pb208U)=0
3644 DISP * DISP 'Holes Pb-208 per grai of spike';* INPUT Pb208(2)
3648 DISP 9 DISP 'Uncertainty, in percent, of the Pb-208 concentration';* INPUT Pb208(3)
3652 MSP 9 DISP 'Spike 206/204, 206/207, 206/208';* INPUT Pb208(4),Pb208<5),Pb208<6)
3656 RETURN
3660 !
3664 Pb205_spike: OFF KEYt ! Enter data for a lixed Pb-205/U-235/Th-230 spike
3668 CLEAR 9 DISP 'Naie for Pb-205 spike';? INPUT Pb205$
3672 DISP * DISP 'Holes Pb-205 per grai of spike';? INPUT Pb205U)
3676 DISP 9 DISP 'Holes U-235 per grai of spike';? INPUT Pb205(2)
3680 DISP 9 DISP 'Holes Th-230 per grai of spike';* INPUT Pb205(3)
3684 DISP * DISP 'I uncertainty in Pb-205, U-235, Th-230 concentrations';* INPUT Pb205(4),Pb205<5),Pfe205<6)
3688 DISP * DISP 'Isotope ratios: 206/205, 206/204, 206/207, 206/208';* INPUT Pb205<7),Pb205<8),Pb205(9),Pb205UO)
3692 DISP * DISP 'Isotope ratios: 238/235, 232/230';* INPUT Pb205(ll),Pb205U2)
3696 RETURN
3700 !
3704 U235_spike: OFF KEYt ! Enter data for a U-235 spike
3708 CLEAR * DISP 'Naie for U-235 spike';* INPUT U235I
3712 9ISP * DISP 'Holes U-235 per grai of spike*;* INPUT U235U)
3716 DISP * DISP 'I uncertainty in U-235 concentration';* INPUT U235(2)
3720 DISP * DISP '238/235 ratio of spike';* INPUT U235C3)
3724 RETURN
3728 !

-*?-



3732 Th230_spike: OFF KEY! ! Enter data for a Th-230 spike
3736 CLEAR 9 DISP 'Naw for Th-230 spike';I INPUT Th230$
3740 DISP 9 DISP 'Holes Th-230 per grai of spike';* INPUT Th230(l)
3744 DISP * DISP "I uncertainty in Th-230 concentration';* INPUT Th230(2)
3748 DISP 9 DISP '232/230 ratio of spike'jf INPUT Th230(3>
3752 RETURN
3756 !
3760 Hassjiscriiination: OFF KEY! ! enter data for standard ms-discriii nation for KS-spectrcMeter runs
3764 CLEAR t DISP TAB (7);'(enter iass-tJiscriiination values in percent per a.t.u.)' * DISP 9 DISP
3768 DISP 9 DISP 'Hass-discritination I wss-discriiination uncertainty for Pb runs';* INPUT Discr<l),Discr(2)
3772 DISP 9 DISP "Hass-discriiination I tass-discritination uncertainty for U runs';* INPUT Discr(3),Discr(4)
3776 DISP § DISP 'Hass-discriiination I lass-discriiination uncertainty for Th runs';* INPUT Discr(5),Discr(6)
3780 RETURN
3784 !
3788 Blanks: OFF KEY! ! Enter data for PHJ-Th blanks
3792 CLEAR * DISP 'I uncertainties in assigned amounts of Pb, U, and Th blanks";
3796 INPUT Blanks(i} > Blanks(2) > Blanks(3}
3800 DISP * DISP 'Pb-blank: 206/204, 207/204, 208/204';* INPUT Blanks(4),Blanks(5),Blanks(6)
3804 DISP * DISP 'Pb-blank: absolute (not percent) uncertainty in 206/204, 207/204, 208/204';* INPUT Blanks(7),Blanks
<8),Blanks<9}
3808 DISP * DISP 'Pb-blank: correlation between 206/204 and 207/204 uncertainties';* INPUT BlanksUO)
3812 DISP * DISP 'Pb-blank: correlation between 206/204 and 208/204 uncertainties';* INPUT Blanksdl)
3816 RETURN
3820 !
3824 Printjabdatafile: OFF KEYf ! print out or display contents of a labdata file
3828 CLEAR * DISP 'Do you want a hard-copy of this 'jQliLabdatalW*;' labdata-file printout (Y/N)?' * 60SUB YESNO
3832 IF YES THEN PRINTER IS 701 * PRINT USIN6 '5/' aSE PRINTER IS 1
3836 PRINT * PRINT RPT$ C-',80);'DATA FR8H LABDATA FILE 'MttLabdatattQIi':' * PRINT * PRINT
3840 IHA6E '[',3A,'] = ',D.4BE,' +/-',DD.DD,'I loles/g'
3844 PRINT 'Pb-208 Spike C*Pb208U'):' * PRINT
3848 PRINT USIN6 3840 ; VALI (208),Pb208(2),Pb208<3)
3852 IF Pb208(l) THEN PRINT '(this is a Pb-U-[Th] lixed spike)' RSE PRINT '(not a lixed Pb/U spike)'
3856 PRINT '206/204=';Pb208(4);TAB (23);'206/207*';Pb205(5);TAB (46);'206/208-';Pb208(6)
3860 PRINT USIN6 *2/'
3864 IF Pb205(l)=0 THEN 3896
3868 PRINT 'Pb-205 fixed spike CiPb205tt'):' * PRINT
3872 PRINT US1N6 3840 ; VALI (205),Pb205(l),Pb205(4)
3876 PRINT USIN6 3840 ; VALI (235),Pb205(2),Pb205(5)
3880 PRINT US1N6 3840 ; VALI <230>,Pb205(3),Pb205(6)
3884 PRINT * PRINT '206/205 *';Pb205(7);TA8 (35);'238/235 »';Pb205(ll)
3888 PRINT '206/204 =';Pb205(8);TAB (35);'232/230 =';Pb205(12)
3892 PRINT '206/207 =';Pb205<9) * PRINT '206/208 =';Pb205(10)
3896 IF U235(l)=0 THEN 3932 ELSE PRINT USIN8 '2/'
3900 PRINT 'U-spike CSU235$4'):" * PRINT
3904 PRINT USING 3840 ; VALI (235),U235(1),U235(2)
3908 PRINT '238/235 =';U235(3> * PRINT USIN6 '2/'
3912 IF Th230(l)=0 THEN 3932
3916 PRINT 'Th-spike ClTb230ll'):" * PRINT
3920 PRINT USIN6 3840 ; VALI (230),7h230(l),Th230(2)
3924 PRINT '232/230 =';Th230(3)
3928 !
3932 PRINT USIN6 '2/'
3936 PRINT 'Average iass-discritination during aass-spectroMter runs, in Z/a.a.u.  ' * PRINT
3940 PRINT 'Pb: ';Discr(l);'f/-';Discr(2);TAB (25);'U: ';Discr(3);'+/-';Discr(4);TAB (50);'Th: ';Discr(5);'f/-';Discr(6
) * PRINT * PRINT
3944 PRINT 'Average Blanks:' * PRINT
3948 PRINT 'Uncertainty in assigned awnint: Pb - '&VAL! (BlaRks(l»i'Z';TAB (48);'U - 'WALI (Blanks(2))('Z';TAB (63);'
Th - 'iVALI (Blanks(3))*'!' * PRIKT
3952 PRINT 'Pb blank ratios and uncertainties:' * PRINT
3956 PRINT '206/204 = 'WALI (Blanks(4))l'+/-'WALI (Blanks(7));TAB (26);



3960 PRINT '207/204 = 'iVAL$ <Blanks<5W+/-'*VALf <Blanks(8»;TAB (52);
3964 PRINT '208/204 = '*VALf (Blanks<6>}*"+/-'WAL$ (Blanks(9))
3968 PRINT  Error-Correlations: 206/204-207/204*';Blanks<10};TAB (45);'206/204-208/204»';Blanks<ll) 9 PRINT RPT* ('-',80
>
3972 IF Printer THEN PRINT USIN6 '5/' &SE PRINTER IS 1
3976 IF NOT YES THEN DISP "Press Wilt' to continue, use >IH6L* (  ROLL ')&' key to scroll display. 1 9 PAUSE
3980 60TO Labdatafile
3984 !
3988 StoreJabdatafile: OFF KEY!
3992 DISP 'Nan* of labdata file';? INPUT Labdataf
3996 8N ERROR 80TO Badjtrite
4000 ASSI8NI 1 TO Labdatal
4004 PRINTI 1 ; Pb208l,Pb208(},Pb205l,Pb2050,U235l,U2350 Jh230IJh2300,BlanksO,DiserO
4008 OFF ERROR
4012 ASSI6NI 1 TO I
4016 P*POS (Labdatal,':'>+POS (Labdatal,'.')
4020 IF P THEN Labdatal=Labdatain,P-lJ
4024 80SUB MHOOP 9 DISP * DISP 'STORED.' 9 DISP 9 RETURN
4028 !
4032 Read.labdatafile: OFF KEY!
4036 IF Labdatalf'DefLab' OR Newfile THEN DISP 9 DISP 'Naie of LabData file';? INPUT Labdatal
4040 ON ERROR 60TQ Bad read
4044 ASSIGN! 1 TO Labdatal
4048 READI 1 ; Pb208$,Pb208(},Pb205$,Pb205(),U23Si,U235(),Th230« } Th230(),Blanks(},Di5cr(}
4052 OFF ERROR
4056 RETURN
4060 !
4064 Badjread: ! can't read specified Labdata file
4068 ON'ERROR GOTO 4030
4072 ASSI6NI 1 TO Labdatali':d700'
4076 READ! 1 ; Pb208$ } Pb208(},Pb205$,Pb205(),U235l,U235(},Th230*,Th230(},Blanks(},Di5cr<)? OFF ERROR 9 RETURN 
4080 ON ERROR 60TO 4092 
4084 ASS16M 1 TO Labdatatt':d701'
4088 READ! 1 ; Pb208$,Pb208(),Pb205$,Pb2050,U2351,U235(},Th2301,Th230(),Blanks(),Di5cr()? OFF ERROR 9 RETURN 
4092 60SUB CLUNK 9 IF Labdatalt'DefLab' THEN 4116
4096 CLEAR 9 DISP 'III There isn't a default labdata file defined on either disk. 1 9 DISP
4100 DISP 'Either put in a disk with a default labdata file <1), or define a nett default' 9 DISP 'labdata file (2).' 9 
DISP 9 INPUT A
4104 IF All AND AI2 THEN 60SUB CLUNK 9 8QTO 4100
4108 IF A=l THEN DISP 'Press '&CTU' when proper disk is in drive.' 9 PAUSE 9 SOTO Read.labdatafile 
4112 LabdataS^DefLab' 9 Newjiefaultjabdata*! 9 GOTO ALL
4116 DISP 9 DISP 'CAN'T READ FILE 'kabdatatt' - CHECK NAftE AND/OR DISK, PRESS 'ICTtt' KHEN READY' 9 DISP 9 DISP 9 P 
AUSE 9 GOTO Read.labdatafile 
4120 !
4124 Bad_wite: ! can't store Labdata file on disk
4128 SOSUB CLUNK 9 DISP 9 DISP 'CAN'T STORE LABDATA FILE. PACK/SNITCH DISK IF FULL t TRY ASAIN.' 9 DISP 9 DISP 9 60TQ 
Store labdatafile 

4132 »
4136 Transfer_labdata_variables: ! transfer the array-variables frot the labdata file to sitple, wetonically useful var 
iables.
4140 IF PbJOSspiked THEN 4152 
4144 Pt)spike$=Pb208$
4148 Hned_spike=Pb208<l} 9 Spike208pg=Pb208(2) 9 Pbspike_concj»err«Pb208(3) 9 Spike64«Pb208(4) 9 Spike67=Pb208(5) 9 Sp 
ike68:Pb208<6> 9 SOTO 4168 
4152 Pbspikef,UspikeS) ThspikefsPb205$
4156 Spike205pg=Pb205(l) f Pbspike cone perr=Pb205(4) 9 Spike64=Pb205(8) 9 Spike65=Pb205(7) 9 Spike67=Pb205(9) 9 Spike6 
8*Pb205(10)
4160 Spike23Spg=Pb205(2) 9 Spike235pg.perr=Pb205(5) 9 Spike238235-Pb205(ll) 
4164 Spike2Mpg=Pb205(3) 9 Spike230pg_perr=Pb205(6) 9 Spike232230=Pb205(12) * 60TO 4176 
4168 Uspike$=U235* 9 Spike235pg=U235fl) 9 Spike235pg_perr=U235(2) 9 Spike238235=tl235(3)



4172 Thspike$-Th230$ * Spike230pg=Th230(l) * Spike230pg_perr=Th230(2) * Spike232230*Th230(3>
4176 Pbdisc=Discr(l) 9 Pbdisc_err*Discr(2) % Udisc=Discr<3) 9 Udisc_err=»iscr(4) 9 Thdisc*Discr(5) 9 Thdisc_err=Discr<6 
)
4180 Pbblankjerr=Blanks(l) 9 Ublank_perr=81anks<2) 9 Thblankj»err=Blanks<3) 
4184 Blank64*Blanks<4) 9 Blank74=Blanks(5) 9 Blank84=Blanks(6) 
4188 Blank64err=Blanks(7) 9 Blank74err=81anks(8) 9 Blank34err=Blanks(9) 
4192 Blank6474_rho=Blanfcs(10) 9 Blank6484j-ho=81anks<ll) 
4196 RETURN 
4200 !
4204 HELPJ: CLEAR ! Help screen for initial key-functions
4208 DISP 'This prograt takes rait PtHHh data, in the fort of laboratory wights and tass-" 
4212 DISP 'spectrometer ratios & errors, and calculates Pb, If, and Th concentrations,  
4216 DISP "Pb-isotope ratios, and appropriate errors fc error-correlations." 9 DISP 
4220 DISP "The data lay COM frot either a VISICALC datafile of the appropriate structure, 1
4224 DISP "or you can type in the ran data fro* the keyboard." 9 DISP 9 DISP 'Press 'tCTU'for tore help." 9 DISP 9 PAU 
SE
4228 DISP "You wist have defined a LabData File for you own lab in order to get valid" 
4232 DISP 'results froa the prograi. You can do this by pressing the "&H6U (" LABDATA ')f key.' 9 DISP 
4236 DISP 'If the satple were spiked Mith a Pb-208 spike but no Pb-unspiked data exist for" 
4240 DISP 'sote reason, enter no data for the unspiked 206/204 and 206/207 ratios, but" 
4244 DISP "enter your best estimate (with uncertainty) of the true unspiked 206/208 ratio." 
4248 DISP 'If a Pb-208 spiked sample »ere total-spiked for U and Th (rather than aliquoted" 
4252 DISP 'for U-Th spiking), enter the Pb-spiked aliquot weight as a negative value.' 9 DISP 
4256 DISP "All isotope ratios lust be entered without lass-discriiination correction, and" 
4260 DISP "all uncertainties/errors iust be entered at the 2-sig§a/95I-confidence level." 9 DISP 
4264 DISP "Mote that tost errors are to be entered in percent, unless specifically* 
4268 DISP 'requested as absolute.' 9 DISP
4272 DISP "Brackets in a query indicate an optional input." 9 DISP 
4276 DISP "Press "&CW for wre HELP.' 9 PAUSE
4280 DISP 9 DISP 9 DISP TAB (22);'WHAT THE kl-kU KEYS DO:' 9 DISP 9 DISP 
4284 DISP H6L< C tCRTt ');
4288 DISP TAB (15);'Display the results of the calculations on the CRT rather than' 
4292 DISP TAB (15);'than printing thet out (default).' 9 DISP
4296 DISP B6L* C PRINT ');TAB (15);'Print out the calculations on the printer rather than' * DISP TAB (15);'displaying 
thet on the CRT.' 9 DISP

4300 DISP H6L* C KEYBOARD* ');TAB (15);'Type in the raw data froi the keyboard rather than' 
4304 DISP TAB (15);'using raw data frot a datafile (default).' 9 DISP 
4308 DISP H6L$ C DATAFILE ');TAB (15);'Set the raw data frot a VISICALC datafile' 
4312 DISP TAB (15);'rather than the cotputer keyboard.' * DISP
4316 DISP H6LI C CHANGE PBO ');TAB (15);'Change the initial-Pb values used for radiogenic-Pb' 
4320 DISP TAB (15);'calculations (datafile input only).' 9 DISP
4324 DISP H8L* (* VISICALC ');TAB (15);'Load and run the VISICALC binary prograi.' 9 DISP 
4328 DISP H6L« C IPb208t ');TAB (15);'Assute that the satples were spiked with a Pb-208 (or Pb-206)' 
4332 DISP TAB (15);'spike, rather than a tixed Pb-205 spike (default)." 9 DISP 
4336 DISP H6L« C Pb-205 ');TAB (15);'Assute that the satples were spiked with a tixed' 
4340 DISP TAB (15);'Pb-205/U-235/Th-230 spike.' 9 DISP
4344 DISP H6L* C LABDATA *);TAB (I5);'Edit or change the Labdata File, which contains spike, blank,' 9 DISP TAB (15);' 
and tass-discritination data.' 9 DISP
4348 DISP H6L* (" MORE DFRED ');TAB (15);'Reduce tore data frot a VISICALC datafile.' 9 DISP 
4352 DISP H6L* C H&P ');TAB (15);'Invoke this HELP screen." 9 DISP
4356 DISP * DISP 'press "&CT$i" to return to calling display, use '&H6L* C ROLL ')&' key to scroll display.' 9 DISP 
4360 PAUSE * BOTO CHOOSE
4364 HELP.2: CLEAR ! Help screen for Labdata File key-functions 
4368 DISP "A Labdata File is a data file that contains the basic laboratory infer-' 
4372 DISP 'lation for reducing raw U-Pb-Th isotope data. This file, which is stored" 
4376 DISP "on a floppy disk, includes concentration and isotope ratio data for the " 
4380 DISP "Pb, U, and Th spikes; the average tass discrimination and tass-discr. un-" 
4384 DISP "certainty for typical Pb, U, and Th runs; and the isotope ratios and uncer-' 
4388 DISP "tainties in atounts of the Pb, U, and Th blanks." 9 DISP 
4392 DISP "This part of the prograt allows you to edit the Labdata file in tetory, to"



4376 OISP "create a new Labdata file, and to bring a different Labdata file into memory." 
4400 OISP 'The default Labdata file, called "&Q$*"DefLab"iQ**" is the one that is loaded into* 
4404 OISP "memory at the start of the program after pressing the *&H6L$ (* RUN ')&' key.' 
4408 OISP * OISP '- press "iCT$&" for §ore help -  9 OISP 9 DISP 9 PAUSE 
4412 DISP TAB (22);**HAT THE kl-k!4 KEYS 00:" 9 DISP 
4416 DISPH6U <" ALL ")j
4420 DISP TAB (15);"Define a completely new Labdata File." 9 DISP
4424 OISP H6L* (' Pb208spike ");TAB (15);'Redefine the data for the Pb-208 spike only." 9 OISP 
4428 DISP H6L* C Pb205spike ");TAB (15);"Redefine the data for the lixed Pb205/U235/Th230" 
4432 DISP TAB (15);"spike only." 9 DISP
4436 OISP H6L« (" U235spike ");TAB (15);"Redefine the data for the U-233 spike only." 9 DISP 
4440 OISP H6L* C Th230spike ');TAB (IS);"Redefine the data for the Th-230 spike only." 9 OISP 
4444 DISP H6L$ (" NassDiscr ");TAB (15) /Redefine the data for Pb, U, i Th mass-discrimination." 9 DISP 
4448 DISP H6L* C Blanks ");TAB (15);"Redefine the data for the composition amount-uncertainty" 
4452 DISP TAB (15);"of the Pb, U and Th blanks." 9 OISP
4456 DISP H6L* (' Store File ");TAB (15);'Store the currently defined (or redefined) Labdata File" 9 OISP TAB (15);'on a 
disk." 9 DISP

4460 DISP K6L* (" Print File ");TAB (15);"Printout or display the currently defined" 9 DISP TAB (15);'(or redefined) Lab 
data File" 9 DISP
4464 DISP H6L$ C New File ");TAB (15);"Get data for a different Labdata File from a disk." 9 DISP 
4468 DISP H6L$ (" CHAN6ENAHE *);TAB (15);'Penate the currently-defined Labdata File." 9 DISP 
4472 DISP H6LS C ESCAPE "JjTAB (15);'Exit the Labdata File edit/change routine." 9 OISP 9 OISP 
4476 GOTO 4352 
4480 END 
4484 !
4488 NOKELP: 60SUB CLUNK 9 OISP "Sorry, no HELP screen for this query." 9 OISP 9 RETURN 
4472 !
4496 HELP_3: DISP 9 DISP Qtt'GRAHS OF SAHPLE'&IK*" is the wight of the sample that Has actually dissolved." 
4500 DISP Q$i"TQTAL-ALIQUOT"W$** is the veight, in grams, of the total solution of the sample." 
4504 DISP "If you enter only 1 value, it will be taken as the sample wight, and the "*fi«i"TOTAL" 
4508 DISP "ALIQUOT'&Qtt" weight will be assumed to be the sum of the Pb-spiked and Pb-unspiked" 
4512 DISP "aliquot mights. This is appropriate if none of the dissolved sample were kept" 
4516 OISP "in reserve for some reason." 9 OISP 9 RETURN 
4520 !
4524 HELPJ: DISP 9 DISP "Enter the weight of the sample that was spiked with the mixed spike, and" 
4528 OISP "(optional) the percent of the total solution of the dissolved sample that was" 
4532 OISP "actually (extracted I) loaded. If you don't enter a value for the latter," 
4536 DISP "the program will assume a value of 100Z (all of the sample loaded).' 9 DISP 9 RETURN 
4540 !
4544 HELP.5: DISP 9 DISP "Enter the weight of mixed Pb205-U235-Th230 spike delivered to the sample." * DISP 9 RETURN 
4548 !
4552 HELP.*: DISP 9 DISP "Enter the observed (not corrected for mass-discrimination) 206/205 ratio" 
4556 DISP "from the mass-spectrometer run, and its 2-sigma mean uncertainties, in percent." 9 OISP 9 RETURN 
4560 !
4564 HELP_7: DISP 9 DISP "Enter the weight(s), in grams, of the Pb-unspiked aliquot (if any), and the" 
4568 OISP 'Pb-spiked aliquot. If there was no Pb-unspiked aliquot, just enter the weight* 
4572 DISP "of the Pb-spiked aliquot. If the sample were total-spiked for U [and Th] rather" 
4576 DISP "than having a separate Pb-U-Th spiked aliquot, you must enter the Pb-spiked* 
4580 DISP "aliquot weight as its "&H6L$ C negative ')&' value." * DISP 9 RETURN 
4584 !
4588 HELPJ: DISP 9 DISP "Enter the weight, in grams, of Pb, U, and Th spikes delivered to the spiked" 
4592 OISP "aliquot. If no Th-spike was delivered, just enter 2 values; if only a Pb-spike* 
4596 DISP 'were delivered, just enter 1 value. Even if the U-Th spike (or Pb-U-Th spike)' 
4600 DISP "is a mixed spike, you must still enter a spike weight for each element." 9 DISP 9 RETURN 
4604 !
4608 HELP.9: DISP 9 OISP "Enter the raw ratios and uncertainties, uncorrected for mass-discrimination," 
4612 DISP "of the Pb-unspiked alqiquot run. If you have no unspiked Pb data, just enter" 
4616 DISP "your best estimate of the unspiked 206/208 ratio and uncertainty." 9 OISP 9 RETURN 
4620 ! 
4624 HELPJO: OISP 9 OISP "Enter the raw ratios and uncertainties, uncorrected for mass-discrimination,"
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4628 DISP 'of the Pb-spiked aliquot run. If you have no 204 data, just enter the 4 values*
4632 DISP 'lor 206/207, error, 206/208, error. H you have only 206/208 data, just enter'
4636 DISP 'the 206/203 ratio and uncertainty. Uncertainties are 2-sigaa lean, in percent.' 9 DISP 9 RETURN
4640 !
4644 HELPJ1: DISP 9 DISP 'Enter the ran U and Th ratios and uncertainties (uncorrected for lass-discrii-*
4648 DISP 'ination, 2-sigaa lean in percent) for the IHTh] spiked aliquot run. If no Th*
4652 DISP 'data exist, just enter the U data.' * DISP 9 RETURN
4656 !
4660 HELPJ2: DISP * DISP 'Enter the Pb, U, and Th blanks corresponding to the Pb, U, and Th runs.'
4664 DISP 'If not run for Th, just enter the Pb and U values; if run only for Pb, just'
4668 DISP "enter the Pb blank. Reieiber to apportion the blanks according to the'
4672 DISP 'aliquoting scheie. For exaiple, consider a saiple dissolved in a boab,'
4676 DISP "aliquoted and extacted for Pb, and with 50Z of the extracted saaple loaded and*
4680 DISP 'run. Then the boab-blank would be apportioned according to how iuch the'
4684 DISP "Pb-unspiked aliquot represents of the total saiple, just half the Pb extraction'
4688 DISP "blank would be added, and all of the loading blank.' 9 DISP * RETURN
4692 !
4696 HELPJ3: DISP 9 DISP 'If you don't want any radiogenic-Pb ratios or apparent ages to be calculated,"
4700 DISP"'just press 'iatt*.'
4704 DISP 'If you're reducing data for several samples that lust have shared exactly the'
4708 DISP 'saie initial-Pb (such as a zircon suite), enter the 6/4, 7/4, and 8/4 values'
4712 DISP 'only. If you're reducing a single saiple, or a set of saiples whose initial-Pb'
4716 DISP "light be expected to vary soaewhat (for example, whole-rocks of S-type*
4720 DISP "granites), enter all of the 7 values requested.'
4724 DISP 'The initial-Pb of a saiple is the Pb that the saaple was 'born' with - as dis-'
4728 DISP 'tinct froi the coMon-Pb introduced in the lab. The 'err' values refer to the'
4732 DISP 'absolute uncertainty in each ratio, not the percent uncertainty.*
4736 DISP *Rho<6/4-7/4) refers to the error-correlation between the initial-Pb 206/204 and'
4740 DISP '207/204 ratios. This is related to the 206/207 uncertainty in the initial-Pb"
4744 DISP 'by the equation:' 9 DISP 9 DISP TAB (15);'RhostS(6/4) A2*S(7/4)A2-S(6/7) A2]/t2tS(6/4)tS(7/4)3* 9 DISP 9 DISP
where S refers';
4748 DISP ' to the percent uncertainty in the ratio.' 9 DISP
4752 DISP TAB (20);'- press 'iCTtt' to continue -' 9 DISP 9 PAUSE
4756 RETURN
4760 !
4764 HELP.14: DISP 9 DISP 'The cotputer assuies that you want to enter raw data froi the VISICALC data-'
4768 DISP 'file that is in leiory. If you enter 1 value, only that saiple of the VISICALC'
4772 DISP 'file will be reduced. If you enter 2 values, all of the saiples between those"
4776 DISP "2 values, inclusive, will be reduced. If you enter the word ALL, all of the'
4780 DISP "saiples in the VISICALC file in ietory will be reduced."
4784 DISP "If you just press "&R$&", the prograi will return to the initial aenu.' 9 DISP 9 DISP 9 RETURN
4788 !
4792 END
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